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PREFACE

Purpose

This project was conducted for the Planning Divisiou, Department of
the Army, New Orleans District, Corps of Engineers (COE), P. 0. Box 60267,
New Orleans, Louisiana 70160, under Contract No. DACW29-77-C-0253. The
purpose of this research was to prepare an inventory and analysis of the
environmental components in Lake Pontchartrain and the wetlands surrounding
the lake in order to provide an information base and to indicate salient
interactions, patterns, and environmental trends to facilitate future
planning.

Chief of the Planning Division of the New Orleans COE District during
the study was James F. Roy. Contracting Officer Representatives ol the
COE were William E. Shell, Jr., John C. Weber, Frank J. Cali, Sue R. Hawes,

and Larry M. Hartzog.

Organization
Qur research efforts were divided among various teams; each of

these is given below with their members.

Team/Worker Members
e Project Supervision James H. Stone, John W. Day, Jr.,

Leonard M. Bahr, Jr., and
R. Eugene Turner

e Hydrology Erick M. Swenson
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Mapping and Judith R. Bond
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‘ EXECUTIVE SUMMARY: AN EMERGING
f VIEW OF THE LAKE PONTCHARTRAIN ECOSYSTEM
2 by
E}« James H. Stone

John W. Day, Jr.

Leonard M. Bahr, Jr.

. and

R. Eugene Turner

Lake Pontchartrain is a shallow, slightly brackish estuary that is

located in the deltaic plain of the Mississippi River in southeastern

REAE” SRRes

Louisiana. The 1631 km2 (629 miz) lake is fringed by 1603 km2 (619 miz)
of forest swamp and by 808 km2 (312 miz) of fresh to brackish marsh.

Greater New Orleans, with its approximately 1.2 million people, occupies

0 "-T.r.r'.v~_7;( e

about one half of the south shore. Lake Pontchartrain is an urban lake,

and it is the focus of this report.
During 1978-1979, a year-long study was made by Louisiana State

University of selected ecological components and processes of Lake

Pontchartrain and its surrounding wetlands and of selected land uses in
its drainage basin or watershed. This research was based on the premise

that many of the important ecological events occurring within the lake

are probably directly linked to actions happening elsewhere in the basin

and hence outside the lake. Our data confirm this premise.

SALIENT FEATURES

L The two most salient features of our studies are: (1) average
turbidity (the amount of sediment suspended in the water) has increased
- by about 50 percent over the last 25 years; and (2) nutrients (phosphorus

and nitrogen) are significantly higher in areas fringing and surrounding
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the lake such as in Lake Maurepas, in the marshes, and along the southeast
shorceline just off New Orleans. We estimate that total phosphorus

loading to Lake Pontchartrain has increased by about 70 percent since

i
4

the 1950's.

An obvious question is: What are the effects of increased turbidity

]

and nutrient loading on the Lake Pontchartrain ecosystem? We know part e 3
ol the answer. For example, we know that turbidity reduces the amount - ;
!
= of plant material produced in the water of the lake. This plant material ]
;' is critical to the existence of many organisms, including some fish. - '.4‘
For example, we estimate that fish production in Lake Pontchartrain has li: ]
o decreased by about six percent between 1953 and 1978 as a result of
-9 increased water turbidity, " ':.'l

In addition, we know that nutrients increase the amount of plant

gt £ 0 e

material in the water; our plankton data confirm that this has happened

off Pass Manchac, in the surrounding marshes, and near the south shore N A
next to New Orleans.

These two facts would appear to offset one another, but the interaction

e -
F Y -

between suspended sediments and nutrients is definitely not that simple,
and many details remain unknown at this time. We do know, however, that

the excessive nutrients are producing large amounts of plant material,

e . '
e A g g

,. ,.
P

‘
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? such as Anabaena spp. and Oscillatoria spp.; these forms are known to
indicate eutrophication and to cause changes in the species composition
of the food web. Also, we intuitively feel that the nutrients coming

'- into the lake from Lake Maurepas, from New Orleans, and from the bayous ( R
and drainage canals in surrounding marshes are probably being taken up

by the suspended material in the water column of the lake. Their ultimate

halancd,

L] fate is unknown but their probable impact is a reduction of plant material Ly
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since, if absorbed by sediments, they would not be available for photo-
synthesis. I[n addition, as these sediments settle they can smother
bottom forms, and this would in turn eventually reduce (ish production
and their commercial harvest.

Another obvious question is, What is causing the increased turbidity
and nutrient concentrations in Lake Pontchartrain? Some of‘turbidity in
the lake is caused by natural forces, i.e., the wind. We estimate that
winds blowing over lLake Pontchartrain are sufficien’ to stir and mix
bottom sediments throughout the water column about 15 percent of the
time. But we also estimate that some of man's activities, such as shell
dredging, can produce a significant amount of suspended materials in the
water column that might affect up to one quarter of the lake at any one
time. Nutrients are entering Lake Pontchartrain from several sources.
Near Pass Manchac, the nutrients come mostly from the Amite-Comite
drainage area (near and about the Baton Rouge area).

We believe that estuarine ecosystems such as.Lake Pontchartrain are
more fruitfully considered at the level of the coastal drainage basin or
watershed (Fig. 1). Therefore, we consider the Lake Pontchartrain
ecosystem to include bodies of open waters, associated wetlands, upland
forests, agricultural lands, rivers, the associated natural processes,
and human activities operating within its drainage basin and under its
climatic influences. For simplification, it is possible to consider the
Lake Pontchartrain estuarine basin as four linked components, each
representing a different (but sometimes overlapping) aspect of structure
and a different set of processes. The four components are shown in
Figure 2: (A) "Hydrology" is water storage and flow throughout the

basin; (B) "Natural Resources' deals with the structure and function of
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Figure 1. A peneral area map of the lLake Pontchartrain Basin showing the ) k
major riv-rs, cities, and the adjeining Pearl River Rasin,
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Figare 2. Conceptual view of the lake Pontchartrain ecosystem (moditicd 1rem
Bahr in Stone et al. 1980). Chapters 3,4,5, and 19 deal with
A. Hydrology. Chapters 7,8,9,10,11,12,13,14,15,16, and 1/ deal with
B. Natural Resources. Chapters 9,10, and 18 deal with Geopraphy ().

Chapters 1,2, and & provide a context for the data of the other choapters
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the basin or its capacity to support all living forms (such as wildlife

and fisheries) and to perform work services for man; (C) "Geography' or

A aearn om0 g TrrTY
‘ . et .
i

the physiography of the basin is the structure and acceretion of natural I B

T

lands such as forests, swamps, marshes, and grassbeds; and (D) '"Man's

Activities'" operating within the basin.
Our 1978-1979 research efforts in Lake Pontchartrain concentrated o "IL
on the (A) hydrology, (B) natural resources, and, to a lesser extent, on

(C) geography. Component (D), man's activities, were not studied per sc

under this contract, but we have other ongoing efforts dealing with
them; consequently, we repeatedly ask during our study what, how, when,
and why man's activities affect each of the other three components or
their subparts. Indeed, we believe that man's activities are one of the
prime motivations for initiating this study.

Under each of the components of Figure 2 we have listed the chapters
of our report that deal with selected parts and processes of that particular
component. Chapters 1, 2, and 6 are more synthetic in that they provide
a context and/or meaning for the data of the other chapters. Specific
findings are summarized below under the three major compnents (i.e., A,

B, and C), and followed by a general overview or a summary of chapters

1, 2, and 6.

A. Hydrology y 1
(Chapters 3, 4, 5, and 19)
The circulation of Lake Pontchartrain is dominated by an easterly

wind with either a north or south component, depending on the season. o
-
Wind speeds greater than 15 mph, which occur about 15 percent of the ]
time, cause bottom sediments to become stirred and mixed throughout the ;
water column and often impart a brownish color to the water. Tidal .;
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movements and water heights are amplified by the action of wind and rain
in the Pontchartrain basin. For example, ebb tides in Pass Manchac and
in each of the three tidal passes can continue unabated for scveral
days. The lake is a well-mixed system; it shows little vertical stratilica-
tion and a weak salinity gradient from a low of zero ppt in the west to
a high of about nine ppt in the east during 1978. The general circulation
pattern for both flood and ebb tides shows a littoral drift to the west
along both the south and north shores and a return current by way of a
broad band of water running approximately from the northwest te the
southeast. Counter currents and eddies exist, however, in this area.
Cells of waters, formed either by convergence or divergence, may persist
near Pass Manchac and near the lakefront of New Orleans. These waters
do not seem to mix as rapidly as those in other locales in the lake;
they may persist for as long as 10 days. The discharge of waters through
the Bonnet Carre Floodway markedly change the general circulation pattern.
This water moves easterly near the south shore and mid lake and occupies
one-half to two-thirds of the entire lake. Runoff from the Baton Rouge
area also affects the hydrology of the basin and may increase the flushing
time of Lake Maurepas by 30 percent, which in turn may affect between 2
to 10 percent of Lake Pontchartrain waters.

The Rigolets accounts for 44 percent of water transport in and out
of the lake; Chef Menteur Pass, Inner Harbor Navigation Canal (IHNC),
and Pass Manchac account for 32, 6, and 15 percent, respectively.
Inflow of salt through the IHNC is twice as great as outflow, which
suggests local accumulation for probably a short but unknown period of

time. Annually, input by rivers account for about five percent of the
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total volume of the lake and most of the river volume (80%) is from the

Amite-Comite and Tangipahoa Rivers.

B. Natural Resources
(Chapters 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17)

Plankton numbers, biomass, and productivity were higher near the
lakefront of New Orleans, especially off the Bonnabel Discharge Canal
and the Inner Harbor Navigation Canal, near the outfalls of Pass Manchac
and off the Tangipahoa and Tchefuncte Rivers. Phytoplankton were signifi-
cantly more abundant (statistically) in the marshes fringing Lake
Pontchartrain. Plankton kinds and number were also found to be about
the same throughout the rest of the lake, which partially verifies that
the lake is a well-mixed system. Plankton data corroborate the findings
of the hydrologic and nutrient studies; phytoplankton were significantly
more abundant in areas of higher concentration of nutrients but almost
all species were found throughout the lake. Turbid waters caused by
strong winds during late winter tend to inhibit photosynthesis. During
spring and early summer, waters are less turbid, and the high plankton
production is probably related to the concentration of phosphorous that
was at a maximum then. During mid-summer conditions, plankton become
less active, possibly because nitrogen was found to be at a minimum at
that time., Plankton from Lake Pontchartrain are stimulated by substances
in the waters of Lake Maurepas but are inhibited by substances in the
waters of lLake Borgne.

Marsh grasses fringing lake Pontchartrain are similar in structure

and production to other brackish marshes In Louisiana. However, the im-

pounded marsh in the New Orleans Fast area is shifting from brackish towards

distinctly fresh marsh. The forest swamp in St. Charles Parish appears
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to be healthy and productive, but production and litterfall are significantly
lower near Blind River. Causal factors appear to be continual flooding :
)
of this area and insect grazing. Forests in the Lake Pontchartrain w 'j
Basin have been reduced by 40 percent, and the remainiung forest is less )
dense; indeed, the forest swamps fringing the northwestern side of Lake
h Pontchartrain are almest devoid of trees and are becoming (functionally) -~1':
: marshes. This is particularly important to the higher vertebrates S
E because the forest swamp is theilr principal habitat. The submerged B ;
Fl grassbed habitat, which is located mostly along the north shore of Lake S 2
. Pontchartrain, shows a 25 percent reduction over the last 25 years in N 1
ﬁ' the shoreline distribution of two of its dominant species, Ruppia maritima
L. and Vallisneria americana. This habitat is especially critical for many ':*'q
{
' invertebrate and fish species; its area (about 2000 acres) and its i
general health should be monitored closely. . i
The macrobenthos of the lake is sparse in terms of numbers and ' ";
species. However, initial biomass estimates of the total benthos (which ;; '1
include meiobenthos) are high and may suggest that the benthos are not ]
suitable food for fishes or are not used by them. There are other ..j
possibilities, such as that the water transparency is insufficient to _':ﬁ
allow feeding on the benthos by the fish or that the bottom sediments .;;
are not stable enough to maintain a viable benthic community. These are ) ,j
critical questions that need to be answered because our studies on the ]
food habits of the fishes of Lake Pontchartrain indicate that the fishes '3
use two types of food webs: a benthic food web, and a planktonic food _ j—:
web,
Overall, the nekton of Lake Pontchartrain appear to be relatively )
v

healthy and seem to use Lake Pontchartrain environs primarily as a
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nursery. Preliminary data suggest that demersal fish catch per effort
is considerably less than in the 1950's, which could indicate that there
may be some problems in the transfer of energy between the benthos and
the nekton. In addition, commercial fish harvest data suggest a slight
reduction in the number of crabs, shrimp, and catfishes within Lake
Pontchartrain.
C. Geography

(Chapters 9, 10, and 18)

Man's use of land within the Lake Pontchartrain Basin is increasing
the rate and frequency of runoff waters and the amount of nutrients and
sediments reaching the lake. They, in turn, may be causing a reduction
in the lake's average salinity. The shoreline of Lake Pontchartrain is
eroding at a rate of about 15 ha/yr (37.1 acres per year); the shoreline
of Lake Maurepas is eroding at 0.5 ha/yr (1.2 acres per year). This
difference in erosion rates may indicate that more of the basin's sediments
are settling in Lake Maurepas than in Lake Pontchartrain, but Lake
Pontchartrain is about five times larger than Lake Maurepas, and a
direct comparison may not be possible,

D. Overview
(Chapters 1, 2, and 6)

Nutrients are significantly higher in the areas fringing Lake
Pontchartrain than in the center of the lake. For example, nutrient
loads are preater in the bayous and drainage canals of the marshes, off New
Orleans, and near Pass Manchac. Trophic state analyses confirm these
data. It appears that the nutrients are being taken up in part by the
phytoplankton and, perhaps, in part by the suspended material in the

Lake proper.
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Preliminary computer simulations of the Lake Pontchartrain ecosystem
estimate that fish production has decreased by about 6% during the last
25 years because of an increase of turbidity. Wetland destruction since - o
1900 (about 677%), however, has probably had a greater adverse effect on )
the Lake Pontchartrain ecosystem.

The most important environmental trends in the Lake Pontchartrain ;.;.Q
ecosystem are: (1) a continuing loss of surrounding wetlands, (2)
increasing nutrient loading into the lake, and (3) a progressive increase .

in the lake's turbidity. L
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Forest swamp in St. Charles Parish -
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:! HIGHLIGHTS AND CONCLUSIONS
by
James H. Stone
CHAPTER 1. PRELIMINARY MODELING OF LAKE PONTCHARTRAIN ECOSYSTEM BY
COMPUTER SIMULATIONS

] Lake Pontchartrain can be considered as a six compartment or trophic

."i‘rr—'vmj‘A‘ ‘
) . .

level model driven by sunlight and nutrients; the six levels are

submerged grassbeds, phytoplankton, zooplankton, benthos, nekton,

T

and detrital microbes. This simple model contains 22 types of

interactions among the six compartments. (Simulation results are
presented in the following four highlights.)

° Fish production in the Lake Pontchartrain ecosystem has been reduced
by 49 percent since 1900 because of the loss of wetlands.

® If the grassbeds along the north shore of Lake Pontchartrain were
eliminated, fish production within the basin would decline by an
additional 26 percent.

° The nursery value of the grassbeds and marshes is three and four
times, respectively, greater than their potential as a food source.

o An increase of turbidity between 1953 and 1978 caused a reduction
in the production of phytoplankton, zooplankton, benthos, and fish

by 38, 6, 5, and 6 percent, respectively.
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CHAPTER 2. A TROPHIC STATE ANALYSIS OF LAKE PONTCHARTRAIN, LOUISIANA,

AND SURROUNDING WETLAND TRIBUTARILS
A Trophic State Index (TSI) developed for Coastal Louisiana is
based on four variables: total organic nitrogen (TON), total
phosphorus (TP), Secchi disc depth (SD), and chlorophyll a
(chloro a).
Preliminary analyses suggest that Secchi disc depth (a measure of
suspended material in the water or turbidity) and total phosphorus
(a nutrient) are the most important variables for assessing the
tfophic state in Barataria Basin waterbodies.
The marshes fringing Lake Pontchartrain are hypereutrophic, which
means they have a high concentrations of nutrients and phytoplankton.
Lake Pontchartrain is classified by the Louisiana TSI as meso~to-
oligotrophic, which implies low productivity and low nutrient
enrichment within the lake itself.
High nutrient concentrations reaching the lake may be removed by

means of Uoth flocculation and saline waters.

CHAPTER 3. COMPUTATION OF DRIFT PATTERNS IN LAKE PONTCHARTRAIN,

LOUISTANA

Under normal conditions, wind is the most important cause of water

motion in the lake; river and tidal inputs are not usually significant.

During spring (April and May) there is a littoral drift toward the
west along both the north and south shore, with a return current
mid lake.

Summer conditions, with gentle southeast winds, produce large
gyrals in the center of the lake and a westerly or windward drift

along both the north and south shores.
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CHAPTER 4. GENERAL HYDROGRAPHY OF LAKE PONTCHARTRAIN, LOUISIANA

Fall to winter conditions, with gentle northeast winds, produce
gyrals in the center of the lake and a longshore drift toward the .
west. - .—j
Extreme events, such as discharges from the Bonnet Carre Floodway '}
. LA
or strong winds, can change the normal circulation markedly by
suppressing the near shore and the wind-driven currents. The —-.J
result is that most of the water moves directly through the center o N
of the lake.
Water discharges during summer along the lakefront of New Orleans - l.&
probably tend to move very slowly to the west and do not disperse

or purge themselves very quickly.

Current speeds in the lake average 12 to 14 cm/sec. The lake does
not show a strong two-layered (or stratified) system in terms of
currents although two-layered flow is evident near the Inner Harbor ]
Navigation Canal.

Vertical profiles of conductivity (salinity) generally show a

slight increase from lake surface to bottom of 1 to 2 mmhos/cm;

water temperatures show a corresponding decrease of 1 to 2° C.

Tides are diurnal, but winds can markedly change their cycle. The
Lake appears to have a forced tidal oscillation, with the water

level over the entire lake rising and falling as a unit.

Water level in Lake Pontchartrain is controlled by tides and easterly
winds., Wave heights are directly related to winds.

During 1978, water temperatures during winter were lower than
average, above average during spring and summer, and above average 3

in the fall. Rainfall was slightly below average during all seasons,
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CHAPTER 5.

but river flows were higher than normal during winter, somewhat low
during spring, normal during summer, and below average during fall.
Lake salinity. Lake salinity followed the normal pattern, with a
minimum in the spring and a fall peak.

The eastern half of the lake is influenced more by tidal factors
than the western half; the western half shows more freshwater (or
river input) effects. The "division" line runs approximately
between Green Point and Walker Canal in the St. Charles marsh.

Wind speeds of 15 to 38 mph and greater cause the bottom sediments
to become mixed throughout the water column, and it is estimated
that this mixing occurs about 15% of the time.

The wetlands surrounding Lake Pontchartrain are generally flooded
during spring (May) and fall (September), and flooding coincides
with high water levels in the lake. Marshes are flooded about 50%
of the time, primarily by storms.

Water discharges from the Bonnet Carre Floodway move easterly close
to the south shore and do not seem to affect the north shore. This
water can affect up to one-half to two-thirds of the lake's total
volume. Over a 60-day period, these water discharges can replace
the total volume of the lake, which is six times faster than average

total streamflow would replace the total volume.

LOUISIANA

The lengths of The Rigolets, Chef Menteur Pass, and Inner Harbor

Navigation Canal tidal passes are 14.5, 11.3, and 30 km, respectively.

Their respective cross-sectional areas are 7500, 2422, and 1125 mz.

XXxXvi
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The vertical structures of currents are similar in each of the

three tidal passes; they are usually homogeneous and not two layered,
except at times in the Inner Harbor Navigation Canal. There is no
pronounced vertical stratification in The Rigolets and the Chef
Menteur passes; however, a salt wedge is often present in the Inner
Harbor Navigation Canal,

Wind in the tidal passes can significantly extend a flood or ebb
tide.

Transport of biological and chemical species should be more homogeneous
in The Rigolets and the Chef Menteur Pass and more constrained to
the bottom or salt wedge in the Inner Harbor Navigation Canal.

Water transported in and out of Lake Pontchartrain is mainly via

The Rigolets (v44 percent) and the Chef Menteur Pass 232 percent);
the Inner Harvor Navigation Canal and Pass Manchac account for
lesser amounts, i.e., 6 and 15 percent, respectively.

It takes about 100 days for all the water of Lake Pontchartrain to
flush out into the Gulf of Mexico,

The tidal passes are about four times more important than rivers in
determining salt and water content of Lake Pontchartrain. Rivers
supply about 5 percent of the total volume of the lake, and the
Amite-Comite and Tangipahoa Rivers supply 80 percent of this.

The Rigolets and Chef Menteur Pass each asupply about 40 percent of
the salt transported into the lake; the Inner Harbor Navigation
Canal accounts for about 20 percent.

Tidal energy through The Rigolets 1s ahout equal to the energy flow
through the Chef Menteur Pass and, in turn, the tidr :nergy through
the Inner Harbor Navigational Canal ie negligible bacause of the

small volume flow through it.
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Tides predominate in Lake Pontchartrain when winds range in speed
between 1 to 2 m/sec; thevy are about equal when winds range between

3 to 4 m/sec; and winds predominate when greater than 4 m/sec.
Currents within the tidal passes correlate well with a change in
electric potential as measured by electrodes. The electrode technique

offers a-relatively inexpensive way to monitor currents continuously.

CHAPTER 6. NUTRIENT AND CARBON GEOCHEMISTRY IN LAKE PONTCHARTRAIN,

LOUISIANA
Nutrient and carbon concentrations show seasonal trends within Lake
Pontchartrai-.

Poz—, dissolved P, and Si concentrations were usually high in

spring, low in summer, and they increased in the fall.

NH3 + NHZ and NOE + NOS levels were usually high in spring, low in

summer, and they remained low in the fall.
Organic N fractions and undissolved P content did not show consistent

lake-wide trends.

4

the south side of the lake.

The highest values of PO and dissolved P usually occurred doing
Inorganic C concentrations increased from west to east and southeast
across Lake Pontchartrain.

Dissolved organic C levels were high in the spring, low in the
~summer, and increased in the fall.

Undissolved organic C levels were high in spring and nearly non-
detectable in the summer and fall.

Nutrient concentrations in Lake Pontchartrain rank between high

values of Barataria Bay estuary and average (nutrient depleted) sea

water.

xxxviii

dahdh,




|
7 e o

. TR T T S m— W

CHAPTER 7. STRUCTURE AND FUNCTION OF THE PHYTOPLANKTON COMMUNITY IN

IN LAKE PONTCHARTRAIN, LOUISIANA
Water transparency is generally lower (the water is more turbid)
during winter and spring than during summer and fall.
Near Pass Manchac the waters are usually more turbid than at other
lake locations.
Water turbidity in Lake Pontchartrain may be caused by weather
froncs and their wind systems.
Fluorescence, chlorophyll a, and primary production are usually
highest near the southeast shoreline near New Orleans and its
suburbs.
Water plumes near the New Orleans shoreline appear to move pre-
dominately toward the east.
High plankton biomass was often found just off the entrances of the
Tchefuncte and Tangipahoa Rivers. These blooms were often dominated
by the blue-green alga Anabaena spp. In addition, dense blue-grecen
algal blooms were also found off Pass Manchac and in Lake Maurepas.
The most active (physiologically) phytoplankton populations were
often off Pass Manchac.
The waters of the western half of Lake Pontchartrain are generally
more turbid but contain more active phytoplankters.
Phytoplankton populations of Lake Pontchartrain appear to be light-
limited during winter, nitrogen-limited during mid-summer, and
phosphorus-limited during spring and early summer.
Spatial and temporal variations of phytoplankton population in Lake
Pontchartrain are often pronounced. These variations may be artifacts

of sampling or indications of well-mixed waters.
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. Inorganic nitrogen in Lake Pontchartrain comes primarily from Lake
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Maurepas. Lake Maurepas receives its nitrogen from the Amite and

Comite Rivers. Other nitrogen sources for Lake Pontchartrain are

A

LS
4

the drainage canals of Metropolitan New Orleans.
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. Inorganic nitrogen in Lake Pontchartrain does not exhibit the
fluctuations or high concentrations found in Lake Maureaps. Lake “*'J
sediments or biota may dampen these effects.

. Phytoplankton taken from outside of Lake Pontchartrain are stimulated

by being mixed with water from the lake. Organisms from Lake - .1

o

Pontchartrain are inhibited by being mixed with water from outside
the lake.

Nitrogen appears to be the major growth-limiting nutrient for

T
[ ]

phytoplankton of Lake Pontchartrain.

o Inorganic nitrogen for Lake Pontchartrain appears to come mainly by
way of Pass Manchac, Lake Maurepas, the Amite River, and the drainage
canals of Metropolitan New Orleans.

o Inorganic nitrogen concentrations in Lake Maurepas show other
fluctations than those of Pass Manchac (and thus Lake Pontchar-

train), which suggests something is damping the fluctuations of

nitrogen in Lake Pontchartrain.
CHAPTER 8. THE DISTRIBUTION AND ABUNDANCE OF PLANKTON OF LAKE : . 4
PONTCHARTRAIN, LOUISIANA, 1978
° Phytoplankters are significantly more abundant in the marshes
surrounding Lake Pontchartrain than in the lake itself. ®
] Two recurrent groups or associations of phytoplankton taxa prevail
in the Lake Pontchartrain area. Both groups are characterized by

freshwater and euryhaline members. .i
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Group 1 is made up of eight taxa and one associate. 1t occurred
only during the summer and fall months and was found more in the
lake (48%) than in the marshes (30%).

Recurrent Group 1I is made up of three taxa and two associates. 11
occurred during all months of the year and was found more in the
marshes (53%) than in the lake (28%).

Phytoplankters are taxonomically more diverse in the marshes than
in the lake during spring and summer. During fall and winter, the
number of taxa are almost the same in the two areas.
Microzooplankton are taxonomically more diverse in the marshes than
in the Lake Pontchartrain proper.

Four recurrent groups or associations of microzooplankton taxa
prevail in the environs of Lake Pontchartrain.

Group 1 is made up of seven taxa and was found mainly (917 of the
time) during summer months and at lake stations (51%). It is a
fresh to brackish water association.

Groups II and III are each made up of two taxa. Group II was found
during all months of the year and equaliy in the lake and in the
marshes. Group III was found only during winter and early spring
and equally in the lake and in the marshes. Both groups are fresh
to brackish water associations.

Group IV is made up of two taxa. It was found only rarely, and the
taxa are freshwater associations.

Three recurrent groups or associations of macrozooplankton prevail
in the environs of Lake Pontchartrain.

Group I, Argulus sp. and Crab Zoea (mud crab), occurred predominately
during summer and mostly (56%) within the lake proper. It is a

brackish water association.
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e Group II, Acartia tonsa (adults and juveniles) and Copepoda nauplii,

occurred during all months of the year and mostly at lake stations.
Both are brackish water associations.

° Group II1, Cladocera and Mesocyclops edax, occurred mostly during

spring and summer at marsh stations. It is a freshwater association.

CHAPTER 9. PRODUCTIVITY OF THE SWAMPS AND MARSHES SURROUNDING
LAKE PONTCHARTRAIN, LOUISIANA

® Detritus formation in the impounded marsh of New Orleans East is
higher than in Goose Point marsh or Irish Bayou marshj; it is about
the same as in the Walker Canal marsh.

° Live and dead marsh grass (Spartina patens) is less dense in the

impounded marsh of New Orleans East than in other marsh areas
surrounding Lake Pontchartrain.

] Net production of marsh grass is generally higher in Walker Canal
than in other marsh areas surrounding Lake Pontchartrain.

] Spartina patens is the dominant macrophyte in the brackish marshes

surrounding Lake Pontchartrain (namely, in Tchefuncte, Green Point,
Cane Bayou, Goose Point, and Bayou Bonfouca marshes). Fresher
marshes (such as Tchefuncte Canal and Bayou Powell) are dominated

by Sagittaria lancifolia. Big Point marsh is dominated by S.

patens and Scirpus olneyi. Brackish marshes exhibited a higher

biomass and lower species diversity than freshwater marshes.

° Nutrient levels are generally higher in the water of the impounded

marsh of New Orleans East and in the St. Charles marsh (near Walker

Canal) than in other marsh areas surrounding Lake Pontchartrain.
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Swamp forests of St. Charles marsh are dominated by baldcypress and
Drummond red maple. Swamp forests of Blind River are dominated by
water tupelo, Drummond red maple, ash, and baldcypress.

The swamp forest of the St. Charles marsh is relatively healthy and
productive (1097 g dry wt°m-2°yr-l) compared to the swamp forest in
the Blind River (621 g dry wt'm_z'yr_l). This difference could be
caused by earlier intensive logging, heavy insect grazing, and
perhaps more importantly by continual flooding.

The New Orleans East marsh is changing from its original brackish
character into a fresh marsh as a result of its impoundment.
Litter-fall in the swamp forest of Blind River is probably being

significantly reduced because of insect grazing.

CHAPTER 10. CHANGES IN THE SUBMERGED MACROPHYTES OF LAKE

PONTCHARTRAIN (LOUISIANA): 1954-1973
Two species of submerged grasses dominate the grassbeds of the

north and south shores of Lake Pontchartrain: Ruppia maritima and

Vallisneria americana. Najas guadalupensis is now present in areas

where it was not found in 1954, Potamogeton perfoliatus was abundant

in 1973 but was not found in 1954,

Urban areas have increased three times and eight times on the south
and north shore, respectively, between 1954 to 1974, especially
along those shore areas where the submerged grassbeds have declined.
Causal factors may be eutrophication (from agricultural and urban
discharges), saltwater intrusion (via the Inner Harbor Navigation
Canal), and selected toxins (via chlorination of discharge water).
There was approximately a 25 percent decline in the shoreline

distribution of R. maritima and V. americana between 1954 and 1973.
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CHAPTER 11. MACROBENTHIC SURVEY OF LAKE PONTCHARTRAIN, LOUISIANA,
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Most of the decline of these two macrophytes occurred near New
Orleans (along the south shore) and near The Rigolets. Rising
salinities may have caused this decline because salinitics were - '4
higher during 1973 than in 1954.

Other factors that could possibly reduce the macrophytes include

urban development and discharges and increased turbidity, particularly Y
since a similar decline of macrophytes has also occurred near

Madisonville and Mandeville.

1978

Water column salinities in Lake Pontchartrain suggest a western low

R I YIS

salinity zone and an eastern higher salinity zone; the former

comprises 60 percent and the latter, 40 percent of the .ake area.
Sediment analyses reveal at least seven sediment types in the lake
but silty clay dominates the other types. ‘ 1
Organic carbon in the sediments of Lake Pontchartrain are somewhat
lower (v 1% carbon by weight) than other estuaries, such as in
South Carolina and Georgia. 4
The macrobenthos of Lake Pontchartrain is relatively depauperate in

terms of both species and density. Mean species per sample was 9

and mean density was 286 organisms per sample. .

The six dominant macrobenthic species were Vioscalba louisianae,

Mulinia pontchartrainensis, Rangia cuneata, Texadina sphinctosoma,

Hypaniola florida, chironomids; these comprise 93 percent of the

total abundances. Average dry weight was 3.3 gm/mz.
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Large Rangia cuneata (2 30 mm) were found restricted to shallow

waters, especially along the north shore; smaller individuals

(£ 10 mm) were common in the open lake.

fhrough the use of a cluster analysis of the macrobenthos, seven
groups of stations were identified. Each group was characteristic

of locales within the lake. For example, one group was predominantely
a low salinity group and was found in the western sections; another
group preferred higher salinity in the eastern sections; one group
seemed characteristic of sediments subject to urban intluences; and

finally, one group was characteristic of dredged areas..

CHAPTER 12. NEKTON OF LAKE PONTCHARTRAIN, LOUISIANA, AND ITS

SURROUNDING WETLANDS
During 1978, 85 fish species (77 percent of its known fish fauna)
were identified in the environs of the lake. Four species dominate
the fish population: anchovy, croaker, menhaden, and silverside.
These four species comprise 80 percent of the fish population.
The fish community of Lake Pontchartrain is considered a transient
fauna. It is composed of 55 lake species, 22 marsh species, and 8
species resident to both areas.
Eight of the most abundant species are primarily marsh dwellers.
They are: sheepshead minnow, rainwater killifish, sailfish molly,
mosquitofish, spotted sunfish, bluegill, redear sunfish, and least
killifish.
The seasonal faunal similarity pattern in the lake is very much
like that of the marsh, with 26 and 27 species found during all

four seasons.
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Fish species found only in the marsh are primarily freshwater and
euryhaline in character. These are the bowfin, carp, yellow bullhead,
saltmarsh killifish, freshwater silverside, white bass, flier,
longear sunfish, black crappie, and green goby.

The numbers of fish.increase during spring, peak during July, and
then gradually decrease during late summer and fall. This is a
typical pattern of estuarine recruitment.

O0f the 20 most abundant fish species, 9 are primarily lake in
habitants and 11 use the marsh.

The anchovy is the most ubiquitous species in the Lake Pontchartrain
area. It is found almost year-round in both the lake and the

marsh.

Young croaker are abundant in most open water areas of the lake

from spring through fall, They seem to avoid areas of heavy
vegetation and marsh habitats.

Juvenile menhaden use inshore beach and marsh areas as their

primary habitat, but as they become larger, they move to the open
waters of the lake.

Young spot use the shore grassbeds as their primary habitat between
June and September, but when they become larger, they use the open

waters of the lake.

CHAPTER 13. ASPECTS OF THE LIFE HISTORY OF ANCHOA MITCHILLI CUVIER

AND VALENCIENNES IN LAKE PONTCHARTRAIN, LOUISIANA,
JANUARY THROUGH DECEMBER 1978

Anchovies are one of the dominant fishes of Lake Pontchartrain and
comprise about 297 of the LSU total nekton catch in terms of

number.

xlvi




L

e  Anchovies generally increase in number from winter through fall.

° Anchovies occurred at all stations—-open lake, shoreline, and
marsh--but seem to be more abundant in the open waters of the lake.

o Anchovy spawning may start in March and cease in October or November.

e Anchovies were most abundant in waters having temperatures between
20° to 30° C and salinities between 2°/,0 to 4°/,o.

. Growth of anchovies is greatest during spring (March and April) and
averages about 12 mm/month.

CHAPTER 14. GUT CONTENTS OF FORTY-FOUR LAKE PONTCHARTRAIN, LOUISIANA,

FISH SPECIES

] Fishes of Lake Pontchartrain feed primarily within a benthic or a
planktonic-nektonic food web. Detritus probably input to nekton
via numerous invertebrate detritivores that are used as food by
fishes., Relatively few Lake Pontchartrain fishes seem to derive
nourishment directly from detritus; however, mullet and menhaden
are detritus consumers.

) The benthic food web of Lake Pontchartrain is composed primarily of
worms, mollusks, crabs, insect larvae, amphipods, and isopods.

Each of these forms is fed upon by at least 10 fish species.

o The plankton-nekton food web of Lake Pontchartrain is composed
primarily of mysids, copepods, decapods, and fishes. Each of these
forms is fed upon by at least seven fish species.

° Fish species like the sheepshead and pinfish, which have a generalized
diet and the ability to feed effectively on hard surfaces, might
have advantages in future years over other fish species in Lake

Pontchartrain.
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The grassbeds and those areas with high concentrations of bivalves
and snails are critical fish habitats. Turbid or muddy waters

could endanger these habitats.

Most fishes of Lake Pontchartrain tend to be generalists or facultative

in their feeding habits.

Similar fish species, like the blue and channel catfish and the
sand seatrout and spotted seatrout, "avoid" competition for food by
using different locations of the lake such as shoreline areas as

opposed to mid lake.

CHAPTER 15. MACROPLANKTON MOVEMENT THROUGH THE TIDAL PASSES OF

LAKE PONTCHARTRAIN
Salinities were significantly different among the three tidal
passes. The Inner Harbor Navigation Canal (IHNC) had the most
saline waters, followed by the Chef Menteur Pass, and then The
Rigolets.
Water temperatures were significantly different among the three
tidal passes. The IHNC had the highest temperature, followed by
The Rigolets and the Chef Menteur Pass.
Anchovies were the dominant macroplankters collected in the tidal
pass, and were followed by menhaden, blue crab, croaker, gobies,
grass shrimp, and brown shrimp. These were followed by 41 less
common species.
There were no significant numerical differences in the monthly
movements of macroplankton through the three tidal passes of Lake
Pontchartrain,
Macroplankton were not significantly more abundant in any of the
three tidal passes although the mean catch per sample was highest

in the 1HNC.
xlviit
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) Most of the species collected moved through the tidal passes at the
mid-depth and bottom levels.

More organisms move through the three tidal passes at night than

AT
[ J
i

o

during the day and on a flood rather than ebb tide. TThe tide
apparently acts differently in each pass because of their different

physical configurations, and tidal action affects the movement of

- _‘\',.

macroplankton.
. Selected species differences were found in terms of monthly collections, .
f" tidal passes, depth, light, and tidal cycle. o
1 .
b, 4
:-: CHAPTER 16. SELECTED COMMERCIAL FISH AND SHELLFISH DATA FROM LAKE 5
. PONTCHARTRAIN, LOUISIANA, DURING 1963-1975, SOME INFLUENCTNG .
;' FACTORS, AND POSSIBLE TRENDS ‘
':"‘ ] Blue crab dominates the commercial fishery of Lake Pontchartrain " 4"'%
and comprises two-thirds of the total value and about four-fifths
of the total volume. A
] Shrimp and fishes account for about 19% and 147%, respectively, of

the total catch value and about 107 each of the total catch volume.
® The shrimp catch is composed mainly of two species, i.e., brown

shrimp (Penaeus aztecus) and white shrimp (P. setiferus).

° Commercial fish species are mainly catfishes and sea trout.

) Many factors probably influence commercial fish harvest in Lake

Pontchartrain, including: natural envirionmental factors such as
rainfall, salinity, temperature, turbidity, and substrate; mnatural
biological factors, such as competition and predation; and man-
induced factors, such as, the Mississippi River Gulf Outlet, the i
Bonnet Carre Floodway, dredging, shore alterations, loss of grassbeds, #

industrial and urban discharges, and various economic factors.
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CHAPTER 17.

Harvest data of blue crab, shrimp, and catfish from Lake Pontchartrain

suggest a downward trend for all species. This condition is probably

occurring each year by insignificant increments, which makes discussion

and evaluaton difficult.

LOUISTIANA
There are three macrohabitats for higher vertebrates in the Lake
Pontchartrain drainage basin: the forested wetlands, the marshes,
and the lake itself.
Summer and winter conditions in all three habitats probably show
the greatest differences of the vertebrate species composition and
feeding habits.
Preliminary food web analysis was done by means of the following

index:

% connection = observed connections x 100
possible connections

This index expresses the amount of connectivity between the predator
and its food; for example, the connectivities among vertebrates and

their food in the take are 27% and 36%, respectively, during summer

and winter.

Respective connectivities in the marshes are 40% and 38%, respective

connectivities in the forested wetlands are 367 and 40%.

CHAPTER 18. RECENT LAND USE CHANGES IN THE LAKE PONTCHARTRAIN WATERSHED

The surface area of Lake Pontchartrain is increasing by 15 ha/yr

compared to 0.5 ha/yr for Lake Maurepas.

PRELIMINARY SURVEY OF HIGHER VERTEBRATES OF LAKE PONTCHARTRAIN, @
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Within part of the Lake Pontchartrain watershed (abont 16,000 km”

or 6,200 miz), urban areas occupy 6% of the total surface area;

agricultural lands, 227%; upland forested land, about 40%; and -

wetland, about 167%.

Forty percent of the Lake Pontchartrain watershed is deforested,

and the remaining 607 has less vegetation per acre than in 1700. ”.,‘"

This may have increased fresh water flow to Lake Pontchartrain.

Secondary effects of this may be sedimentation and increased

nutrient concentrations in Lake Maurepas. Also, there may be a .

decline in soil fertility in the upper part of the watershed.

Man-made features, canals and navigational channels, have especially

increased in the Lake Pontchartrain watershed near the Mississippi .
River and near New Orleans.

About 607 of the original vegetation of Lake Pontchartrain water-
shed remains, and its species composition is being changed to
softwoods. The original forest swamps near Lakes Maurepas and
Pontchartrain now have few trees that they may now be functionally
marshes.

Agricultural land between Baton Rouge and New Orleans has increased
threefold between 1954 and 1972; agriculture has also increased in
the rest of Lake Pontchartrain watershed.

Land use changes with Lake Pontchartrain watershed probably affects
Lake Pontchartrain by increasing water runoff and decreasing salinity

and by increasing nutrient and sediment loading.
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CHAPTER 19. URBANIZATION, PEAK STREAMFLOW, AND ESTUARINE HYDROLOGY

(LOUISIANA)
Vegetation cover in the northwestern part (Baton Rouge) of Lake
Pontchartrain has not changed significantly over the last 30 years,

but its urban population increased tenfold along with more drainage

culverts, street pavements, levees, ditches, and stream channelization.

Peak flood discharge and flood frequency on the Comite River at
Comite, Louisiana, increased 237% and 507, respectively, between

1951 and 1970 as a result of changing land uses near Baton Rouge,
Louisiana. Potential peak flood discharges have increased on the
Amite River by 29% and on the Comite River by 37%.

The amount of water runoff has not changed. However, peak discharge
during storms has increased.

These changes in streamflow also influence erosion rates, downstream
nutrient concentrations, and the biology of wetlands downstream.
Nutrient concentrations and phytoplankton distributions and
abundances in Lake Maurepas are probably being changed, and this in
turn would affect Lake Pontchartrain.

Instantaneous flushing rates of Lake Maurepas during storm events
have increased about 30% since the 1950's as a result of increased

peak flood discharge.
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SELECTED ENVIRONMENTAL TRENDS

by

James H. Stone

1 believe that there are three major environmental trends within
and surrounding Lake Pontchartrain. First, and probably the most important,
is the continuing loss of wetlands. Second, there is the increase of
nutrients coming into the lake and its surrounding wetlands. Third,
there is the decrease in water clarity (increase in the turbidity) of

the lake's water. Each of these is briefly discussed below with selected

data.

1. Loss of Wetlands

The wetlands surrounding Lake Pontchartrain are important because
they provide much of the energy needed to run the Lake Pontchartrain
ecosystem but also because they act as a nursery or habitat for important
commercial species. There is, however, a downward trend in the total
wetland area within the Lake Pontchartrain basin or drainage area (Fig. 1).
Since 1900, almost one half of it has been destroyed, and most of this

loss has occurred since 1950.

2. Increase in Nutrients

Nutrients coming into Lake Pontchartrain are increasing (Fig. 2).
Since 1900, the loading rate of phosphorus has almost doubled, and

projections indicate a continual increase unless remedial actions are

taken.
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Figure 1. Amounts of wetlands in Lake Pontchartrain Basin as a function of
time (R. E. Hinchee, 1977, M.S. thesis, Louisiana State University,
Baton Rouge, LA 70803).
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Figure 2. Phosphorous loading into Lake Pontchartrain, LA, as a function of

time (from P. Kemp, 1977, in Cumulative impact studies in the
Louisiana coastal zone: eutrophication and land loss. Final
report to Louisiana Department of Transportation and Development
by the Center for Wetland Resources, Louisiana State University,
Baton Rouge, LA 70803).
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2 3. Decrease in Water Clarity

] Water transparency or clarity is decreasing in Lake Pontchartrain.
b

! A Since 1953, it has decreased by about 50 percent (Fig. 3).
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Figure 3. Water transparency expressed as mean Secchi disc reading in

cm as a function of time. Standard error of mean is expressed

as vertical ars. (Source: R. M. Darnell, 1979. Hydrography

of Lake Pontchartrain, Louisiana, during 1953-1955. Unpublished
M.S., Coastal Ecology Laboratory, Center for Wetland Resources,
Louisiana State University, Baton Rouge, LA 70803; Stern, D. H.,
M. S. Stern, 1969. Physical, chemical, bacterial, and plankton
dynamics of Water Resources Research Institute. Louisiana State
University, Baton Rouge, LA 70803; Tarver, J. W, and L. B. Savoie,
1976. An inventory and study of Lake Pontchartrain-Lake Maurepas
estuarine complex. Section II. Zooplankton distribution and
abundance. pp. 57 to 144, Technical Bulletin No. 19. Louisiana

Wildlife and Fisheries Commission, Oysters, Water Bottoms and
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RECOMMENDATIONS FOR RESEARCH
by

James H. Stone

Our data from the Lake Pontchartrain ecosystem suggest a variety of
courses for future research.
We recommend research be initiated on the following:
1. The fate of nutrients entering the lake.
2, The extent and role of toxins in the lake.
3. Tia extent and general health of the submerged grassbeds.
4, The environmental quality of all existing wetlands.
5. Selected studies on interactions between the benthos and

the nekton.
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Chapter 1

PRELIMINARY MODELING OF THE LAKE PONTCHARTRAIN
ECOSYSTEM BY COMPUTER SIMULATIONS

by
James H. Stone
and
Linda A. Deegan
ABSTRACT
A six compartment model was developed to simulate changes of and
interactions among the major trophic levels of the Lake Pontchartrain
ecosystem. Three conditions were simulated: (1) pre-1978, (2) 1978
using a Secchi disc factor for 1953-1955, and (3) 1978 using a Secchi

disc factor for 1978. The model assumes steady-state conditions, dounor

dependent and linear transfer coefficients, and a homogeneous distribution

-

of organisms and materials. Computer simulations estimate fish produc-
tion in Lake Pontchartrain has been reduced by 49% since 1900 because of
wetland destruction. Grassbeds account for 26% of fish production but
their (and the marshes) nursery value is greater than their potential as
a food source. The Iincrease of turbidity (62%) since 1953 can account

for about 67 reduction in fish production.

INTRODUCTION
A computer model should be used only as a guide and an aid in the
analysis, interpretation, and presentation of data. Models are not
panaceas for solving environmental problems but if used judiciously,

they can provide insight into the interactions of various ecological
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processes that are not intuitively apparent. Simulation results can
also verify and corroborate the findings of field research.

The purpose of this effort was to model and simulate the storage

and flow of energy through the major trophic levels of the Lake Pontchartrain

ecosystem. These stimulations were also designed to use data from the
1978 Louisiana State University (LSU) survey of Lake Pontchartrain in
order to compare the effects of turbidity in the Lake Pontchartrain

ecosystem.

MODEL DETAILS

We developed a six compartment model to simulate changes of and
interactions among the major trophic levels of the Lake Pontchartrain
ecosystem (Fig. 1). The model consists of six state variables (Table 1
and Appendix 1) with 22 terms of interactions between variables and
three external forcing functions (Table 2 and Appendix 2).

Coefficients (Table 2) describing pathways of carbon flow were
based on general physiological principles and on previous food web
analyses of Lake Pontchartrain. All fluxes or transfers were donor
dependent. Coefficients were linear and assumed steady~state conditions.
Average monthly water temperatures (from Thompson and Verret, Chapter 12)

and average insolation in tenth year intervals (Day et al. 1973) were

used to simulate the two forcing functions for grassbeds and phytoplankton.

Mutrient input, the other forcing function for organic detritus, was
simulated as a sine wave. The effects of turbidity were modeled as a
simple, linear constriction of the euphotic zone and were based on

Secchi disc depth readings as follows:
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Table 1. Initial Conditions of State Variables. Data for Computing these
Conditions are given in Appendix 1
State Variable Designation Value
Pre-1978 1978
I. Vascular plants of
the grassbeds P2 5.0 5.0
II. Phytoplankton P3 3.3 3.3
III. Detritus D4 500.00 500.00
IV. Benthos B5 1.91 25.00
V. Zooplankton H6 1.30 0.15
VI. Fishes F7 2.35 0.175
4
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Table 2.

Pathuay Cacffirnts and Flux Rates.

Details for Calculation of these Values are Civen In Apjendls 2

__ Rate Volue SRR B UL )
[ recription Desipnation Pre-1978 1978 Pre-1978 1978
b - . . . - e e e+ . e et e - —
9 I. Cre-~bed Locres
1) Detrices RC24 2.80 113.800 14.00 $74.57
2) PReathic ceneu-otion RC2S 0.60 5.060 3.00 25.131
3) Fish concurption RC27 0.60 0.0223 3.00 n. 117
{
- 11. Thytoplankton Looses
4) Detidtes RC34 112.12 13.320 370.00 44,01
3) Benthic consumption RC35 2.12 12.780 7.00 47.19
6) Zocplankton consunmption RCI6 2.42 0.322 8.00 1.063
1) Fish consarption RCY? 0.30 0.118 1.00 0.118
111, Detritua lowuea
8) Benthic consumption RCAS 0.24 1.550 122.00 176.25
9) Zooplankton consumption RC46 0.28 0.024 142.90 17.23
10) Fish consumption RC4? 0.08 0.003 39.00 1.52
11) Reupiration RC4R 1.35 1.35 677.00 6i7.00
1¥. Benthic losses
12) Detrite: RCS54 0.52 0.40 68,00 337.5
1M Flah e CLoon RCS57 16.23 0.048 31.00 1.21
14) Resplration RCSR 17.28 18.25 33.00 556,25
19) Production excess RCS8 -— 1.95 -—- 48.79
V. Zooplankton loases
16) Detritus RC64 0.61 0.40 91.00 5.117
17) Fich coruunrtion RC67 10.00 3.43 13.00 0.507
18)  Respiration RCO6R 35.38 43.77 46.00 6,480
19) Production excess RCK® -— 6.58 -—- 0.974
vI. Fish lo<-ra
20) Detrftus RC74 0.3 0.20 30.00 0.678
1) Reepfratfon RZIR 16.17 13.50% 38.00 2.3
22) TPreduction RCM 8.00 2.00 13.00 3.50
' V1ii. Fffects of Fryternal Forcing
Fonctions
™ ® Celelua teapeiature (temp) on
{ grasshed production
" ® Ipuolation [oun) pn phytoplankton
pr «ductlon, modified by
turhidity
® Inarpanic inpat to detritus from
swanps by reaannal flooding
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Secchi disc depth in cm

Darnell 1953-1955 117 em 0.384
Average depth of 305 cm *

Lake Pontchartrain in cm

Turbidity Factor 1 =
1953-1955

Secchi disc depth in cm
LSU 1978 - 72 cm _ 0.236
Average depth of 305 cm :
Lake Pontchartrain in cm

Turbidity Factor 2 =
1978
Factors 1 and 2 were separately multiplied by the insolation forcing
function to simulate the effect that differing amounts of suspended
sediments would have on photosynthesis by phytoplankton. This assumes a
linear relationship between primary production of phytoplankton and
Secchi disc depth. We believe that data given in Dow and Turner
(Chapter 7) justify this assumption.
The differential equations, which define changes in state variables,
are simple multiplicative functions based on fluxes in and out of the
compartment. The model program was written in IBM's (1969) Continuous
System Modeling Prdgram (CsMP), and differential equations were solved
using a Runge Kutta integration scheme on an IBM 370 digital computer.
The total time period for each simulation was four years; the integration
1ntervé1 was 0.0l years. A complete listing of the computer program is
given in Appendix 3.
The major assumptions of this model are: (1) steady-state conditions,
(2) donor biomass dependent, linear transfer coefficients, and (3) homogeneous

distribution of the various materials.

RESULTS
Table 3 summarizes the results of our simulations. Condition 1 was

simulated by using data from various sources and not necessarily data
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Results of Computer Simulations of Lake Pontchartrain Ecosystem as

Indicated in Figure 1 in Terms of (A) Average (X) Biomass, and
(B) Average (X) Production per Trophic Level in Grams Carbon (C)

Table 5.
per m“ per year
(1)

Simulation Pre-1978
1. Grassbeds 5.05
2. Phytoplankton 3.24
3. Zooplankton 1.26
4, Detritus 497.91
5. Benthos 1.85
6. Nekton 0.23
1. Grassbeds 20.00
2. Phytoplankton 365.00
3. Zooplankton 13.00
4, Detritus 407.00
5. Benthos 31.00
6. Nekton 19.00

A.

(2) (3)

1978 (53 Secchi) 1978 (78 Secchi)
Biomass (igC-m~2oyr—l)
5.21 5.21
2.73 1.69
0.16 0.15
489,50 469.58
26.87 25.43
0.78 0.69
, = -2 -1
Production (XgC.m “-yr 7)
597.00 597.00
136.44 84.73
1.48 1.39
984 .60 921.10
49.54 46.87
1.33 1.26




obtained from Lake Pontchartrain; they were the best available estimates
prior to our 1978 survey (for details, see Hinchee 1977). It is apparent
that our initial (pre-1978) simulations were, in some cases, significantly
different from our 1978 data and estimates. Despite these limitations

our initial conditions show several features. For example, the simulations
of condition 1 estimated that fish production in Lake Pontchartrain has
been reduced by 497 since 1900 because of the loss of wetland (Table 4).
In addition, these simulations project a 26% loss in fish production if
the grassbeds were eliminated (Fig. 2). It was also estimated that the
nursery value of the grassbeds and the marshes is three and four times,
respectively, more important than their potential as a food source (for
additional details, see Hinchee 1977).

Conditions 2 and 3 use 1978 data and estimates and are based on
Secchi disc readings for 1953 and 1978, respectively. The most apparent
difference between these two conditions is that phytoplankton production
is reduced, as a result of increasing turbidity, by 38% (reduced from
136 to 85 g C-m-z-yr—l; Table 3). In addition, zooplankton production
is reduced by about 67%; benthic and fish production, each by about 5%.
Conditions 2 and 3 indicate that biomass and production of both zooplankton
and benthos are one order of magnitude greater than was obtained from
simulations of condition 1. In addition, fish biomass and production
for conditions 2 and 3 are about one order of magnitude smaller than

obtained from simulations of condition 1.

DISCUSSION
Simulations of condition 1 demonstrate the importance of small

nursery areas, such as the grassbeds and marshes, to the Lake Pontchartrain
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Table 4. Fish Production Changes as the Result of Wetland Destruction

Since 1900 With the Projected Draining of the St. Charles

Parish Marsh in Two Steps, One in 1980 and One in 1990

(Hinchee 1977)

Marsh Area Linear Output
2 _ _ Percent Change
Years m gm orgem °yr From 1900
1900-1908 5.9 x 108 36.6 ———-
1908-1948 4.7 x 108 33.6 -8.2
1948-1964 5.0 x 10° 30.9 ~15.6
1964-1968 3.8 x 10° 23.8 -35.0
1968-1980 3.0 x 108 18.8 -48.6
1980-1990 2.5 x 108 15.8 -56.8
1990-2000 2.0 x 108 12.7 -65.3
9
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Figure 2. Fish production for a one-year period before and after L
destruction of grassbeds as simulated by the '4inear model. o
(Hinchee 1977). . .
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ecosystem. for example, these areas represent about 6% of the total

basin area and yet account for most of the fish production in the basin
;! and provide for most of their nursery needs. "‘“""1
Conditions 2 and 3 show the potential effect that increasing turbidity

may be having on the Lake Pontchartrain ecosystem. Turbidity reduces

phytoplankton biomass and production, which in turn reduces zooplankton,
benthos, and nekton. It seems likely that these effects have occurred

each year by insignificant increments. Conditions 2 and 3 also indicate
that the high zooplankton and benthic biomass and production do not seem 'f’LiiJ
to be directly linked, as they should be, to nekton biomass and production
since the latter values are quite small compared to the data of zooplankton

and benthos.
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1)

2)

3)

4)

5)

6)

APPENDIX 1

DATA AND CALCULATIONS FOR COMPUTING THE

INITIAL CONDITIONS OF SIX STATE VARIABLES
Vascular plants biomass for both models was calculated assuming the
average lake plant biomass was 100 gm C/m2 (Fannaly 1975) and that
5% of the lake was covered by grassbeds (Perret et al. 1971).
Phytoplankton biomass was calculated assuming Lake Pontchartrain
had an average chlorophyll content similar to Barataria Bay
(7.6 x 10-3 mg/m3; Sklar 1976); a chlorophyll to organic matter

ratio of 2 x 10-3

mg chlorophyll to 1 gm organic matter (Wright
1959); and a one meter photic zone.

Detritus biomass was assumed to be the same as Day et al. (1973)
reported for Barataria Basin.

Pre-i978 benthos biomass estimates were made from biomass-and
density estimates reported for Rangia (Fannaly 1975, Tarver and
Dugas 1973), crabs and shrimp (Kneiper 1975, Suttkus et al. 1954),
and other soft bodied benthos (Fannaly'1975). Estimates for 1978
were from this study (Chapter 11).

Pre-1978 zooplankton biomass was set at 1.3 gm C/m2 to solve the
overall energy flow balance. Estimates for 1978 were from this
study (Chapter 8).

Pre-1978 fish biomass was calculated based on: occurrence data
reported by Suttkus et al. (1954); biomass estimates developed by
Knieper (1975); and assuming a trawl catch efficiency of 20% and a

wet weight to organic matter conversion factor of 0.2 (Day et al.

1973). Estimates for 1978 were from Fannaly (1979).
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APPENDIX 2

CALCULATION OF PATHWAY COEFFICIENTS

I. Grassbed Losses

9

2)

Laks o

3)

II.

Losses to detritus were calculated as all production not
consumed by fish or benthos. The pre-1978 model assumed a
production biomass ratio of 4 to 1. Average yearly production
for the 1978 model was assumed to be 600 g C-m-2°yr-1 (Phillips
1978).

Benthic consumption was calculated as a percentage of total
benthic consumption based on percent composition of gut
contents (Darnell 1961). Vascular plants represented 3% of
benthic consumption.

Fish consumption was calculated the same way as benthic

consumption, with vascular plants representing 3.45% of total

fish consumption.

Phytoplankton

4)

5)

6)

Losses to detritus were calculated as production left after
consumption by benthos and zooplankton. Production was
determined from average insolation data, and turbidity factor.
Benthic consumption was calculated as percent of total benthic
consumption based on percent composition of gut contents
(Darnell 1961). Phytoplankton represented 5% of the total
benthic consumption (Darnell 1961).

Zooplankton consumption was calculated in the same way as
benthic consumption, assuming zooplankton gut content ratios
were similar to the benthos, with phytoplankton representing

87 of total consumption.
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I1I.

IV.

7)

Fish consumption was calculated in the same way as benthic

consumption, with phytoplankton representing 1.15% of total

fish consumption (Darnell 1961).

Benthic consumption was calculated as a percentage of total

benthic consumptioi based on percent composition of gut contents

(Darnell 1961). Detritus represented 92% of benthic consumption.

Zooplankton consumption was calculated in the same way as |
benthic consumption. Zooplankton gut content ratios were
assumed to be similar to the benthos, with detritus representing
92% of the total consumption.

Fish consumption was calculated in the same way as benthic

consumpticn, with detritus representing 44.87 of the total

Detritus respiration flux was assumed to be 135% of the

standing stock (Day et al. 1973).

Detritus lLosses
8)
9)
10)
fish consumption.
11)
Benthic Losses

12)

13)

Loss to detritus was calculated as feces production. Feces

production was assumed to be 40% of total intake.

Total intake was calculated using Winberg's (1960) equation:
Total intake = 1/a (Respiration & Production)

where the assimilation efficiency (a) was assumed to be 0.6

(Gerlach 1971).

Fish consumption was calculated as a percentage of total fish

consumption based on percent composition of gut contents.

Darnell (1961) reports 35.637% of fish consumption to be benthos.

16




V.

VI.

14)

15)

Benthic respiration was assumed to be 5% wet weight per day
(Day et al. 1973).

Production excess was defined as all production not consumed
by fish. A production to biomass ratio of 2 to 1 (Gerlach
1971) was used to estimate total production for the 1978
model. The pre-1978 model set production equal to fish

consumption to balance mass flow equations.

Zooplankton Losses

16)

17)

- Darnell (1961) reports zooplankton as 14.94% of total consumption.

18)

19)

Fish

20)

21)

Loss tu detritus was calculated as feces production. Feces
production was assumed to be 40% of total intake (Gerlach
1971).

Fish consumption was calculated as a percentage of total fish

consumption based on percent composition of gut contents.

Respiration was assumed to be 12 percent wet weight per day
(Day et al. 1973).

Production excess was defined as all production not consumed
by fish. A production to biomass ratio of 10 to 1 was used to

estimate total production (Day et al. 1973).

Losses

Loss to detritus was defined as feces production and assumed
to be 40% of total intake (Winberg 1960). Total intake was
calculated based on Winberg's (1960) equation.

Respiration was assumed to be 3.7% of wet weight per day (Day

et al. 1973).
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22) Production was calculated using a production to biomass ratio

of 2 to 1 (Warburton 1979) for the 1978 model and as the area
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under the biomass curve for the pre~1978 model.
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APPENDIX 3

COMPUTER PROGRAM LISTING FOR SIX~COMPARTMENT | N
MODEL OF LAKE PONTCHARTRAIN ECOSYSTEM -

M B
-

TITLE DARNEL_S NEW SELCHI NEW DATA
INIT AL R
DARAMETER XNIR=1.0 S
P ARAMETER SDR=.38 ,“.';

INCON ICP2P=0,0

INCON IC?225405, IC3373.3,12D08=50(asess
ICH53=25ee ICH6=41413, l(‘F7=.l75

INCON ICBS5P=0.0s [CH6P =040

INCON ICFM7=0,0

CONSTANT RC24=11308.RC3‘=39050 R 25=%e 0N v0ae _,;_‘ .'_j
RC36% e3229RC37=e11BsRC46=a02bp 000

RC35=12.78|R:‘45=1.55'0C27=00234. se

RCAT=40284RC57=e0483,2C67=3e83 000

RC34=e4+RCHA=4 434 RC74= 2o 0o

RC4R=1Q3599C5R=180250QC6?=43.77.-.. )
RC7TR=13e50sRC7M=2e0sR 552404 25814735 L Q
CONSTANT RC69=6.%8 ®
CONSTANT RC66=10.00 ' T
FUNCTION TEMP = (QDe0€e99 e08333Peti901667912el veee :
023921099 0333324 al3 4167329720592 7eD795¢533028eB006567 3280 s00-
075922¢84 08333,22e84¢e916701168310s70) }
FUNCTION SUN=( e0415602759 1289025092083 5385090291633%950 44747333 0s L
e83833510 090581638700 662849985004 ¢708334100 9679100363033 787242%)evoees . ®
©9533,210 05 1452104) S
LYNAMIC o

NOS ORT
YEAR=AINT (T IVME) ) T
TIMEA=T IME-YEAR S
SURT

D4P= [INTGR_( ICES524 )4 4+F244+F 344 544F 64 ¢F 74)
Pz INTGR_( I1C22,FN2~F24~-F25-F27)
P2P=INTGRL( ICP22,F12)

23z INTGR_{ IC33,F03-F34-F35-36-%37) ]
232=INTGRL( ICP22,733)

D4z INTGR_{ ICD4, FOA+F 4 4F 34 +F544F HA4F74-FAS~F46-T467~F4>)
BS= INTGR_{ ICBSs F25+F 354¢F45-F57-F54~F 5) -
R59= [INTGR_( 12852, °55) T
HS_z= INTGRL( ICB52,758)

H6= INTGRL ( ICH6,FA64F 36-F67-FHI-FLA)

HO6L= INTGRL{ ICH62,°68)

HE62= INTGR.U( ICHED 4= 66)

F7=INTGR_(ICF 7o F274F 374Fa74FS7+=6GT7-STM-=7R~F74)
F72=z INTGRL{ ICFM7,°7M)

bbbk

H
Amasa s  deWeC .

A
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FOA=407+271434SIN(6+2B¢TIUE)
TEMPX=AFGEN(TEM?, TIMEA)
FO2=(30.%TEM2X)
SUNX=AFGEN(SJN, TIMEA)
FO3=(386.0%SJNX/387,8)%SDR
FS5=RC55%RS

F6B=RC63%HE

F66=RC66&HL

FSB8=RC53%BS

F24=RC24%2

F38=RC34%23

FAR=RC4RED4

F$S=RC5R* BS

F6ER=RCHR®HB

F7TM=RC7M&F7

F?7R=RC7R®F7

F23=RC25%«pP2
FerT=RC27«22%xyEQ
F35=RC35&«p3

F35=RC30%P3
F37=RC37%P3*XNER
F43=RC45%D4

Fas5=RCe6%D4G
FA7=RC47*D4a%XNER
FOS7=RC57«BS5%xXEQ
F67=RC5T®HERXNER

FS4=RC54% (FAaS+F254F 35)
FO4=RC64%(F46+F 36)
F74=QC74t(F274F37+F47+F57+:67)
PRIPLOT D4,DAE>

TIMER Flurln=4..ns-r:.on,ouros_=.os3.pao:L=.os3

END
>sTup
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-

A TROPHIC STATE ANALYSIS OF LAKE PONTCHARTRAIN, ;
LOUISIANA, AND SURROUNDING WETLAND TRIBUTARIES o
by ,..

- .,-..J

Ann Seaton Witzig
and
John W. Day, Jr.

ABSTRACT

A trophic state analysis of Lake Pontchartrain was conducted by
applying data from four master stations (Pass Manchac, Open Lake, Inner
Harbor Navigation Canal [IHNC], and The Rigolets) to the four variable
Trophic State Index (TSI). The highly negative scores classified each
station as meso-oligotrophic. This low trophic classification may be
the result of several factors, such as dilution of effluent, flocculation
of inflowing suspended matter in low salinity waters, or phytoplankton
uptake of nutrients in the surrounding wetlands.

Quantification of the trophic state of waterbodies was through multi-
variate statistical analyses developed from an analysis of Barataria
Basin, Louisiana. Principal component analysis identified four variables
characterizing the trophic state of each waterbody. These variables
were: total organic nitrogen, total phosphorus, Secchi disc depth, and
chlorophyll a. Previous multivariate trophic state analyses of Florida
lakes (Brezonik and Shannon 1971) using seven trophic variables were
compared with the Barataria results. By modifying the Brezonik and Shannon
seven variable trophic state index to four variables, a new TSI was developed

that was applicable to Lake Pontchartrain.
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INTRODUCTION
Widely varying water chemistry parameters characterized Lake Pontchar-
train and surrounding tributary wetlands. Open lake stations (Dow and

Turner, Chapter 7) were, on the average, relatively low In concentrations

of total organic and inorganic nitrogen, total phosphorus, and chlorophvll a.

Secchi disc depth, as a measure of water clarity, was high. Waterways
draining the wet>ands and adjacent uplands differed according to location
around the lake. North shore tributaries were generally similar in
nutrient concentrations but Secchi disc depth were markedly lower than

in waterways measured on the western shore (Cramer and Day, Chapter 9;
Cramer 1978).

Discrepancies between lake and tributary water chemistry suggested
overall differences in water quality. The purpose of this research was
to quantify water quality to allow objective comparisons between the
Lake Pontchartrain drainage system and similar estuarine waters of

Louisiana.

RESULTS
Initial comparisons between open lake stations in Lake Pontchartrain
(Dow and Turner, Chapter 7) show only slight differences between mid-
lake, The Rigolets, Inner Harbor Navigation Canal (IHNC), and Pass

Manchac (Fig. 1, Table 1). Total organic nitrogen (TON) was highest

near Pass Manchac (the western end of the lake) and lowest at The Rigolets.

Tnorganic nitrogen and total phosphorus were higher in both Pass Manchac
and the IHNC than mid-lake or The Rigolets. Although chlorophyll a was
slightly higher in the THNC than the other stations, Secchi disc depth

was concomitantly high.
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Table 1. Mcan Variable Concentrations at Selected Stations in Louisiana -
Total Total Secchi R
Organtc Inorganic Total Chlorophyll bisc o
Nitrogen Nitrogen Phosphorus s Depth
(mg/1) (zg/1) (mg/1) (zg/m3) (cm) LT
R .- ‘
Pontchartrain Project Results: BRI
0.50 0.15 ¢.07 7 76 - ".‘4
Pass Manchac +.02 $.02 +.004 13.6 +38.9
0.43 0.06 0.05 8 73 . -
Mid-Lake .02 1,01 +.004 9.3 +33.6 ;
Fl
0.40 0.12 0.09 10 112 i
THNC 1.02 .12 . 006 3.7 243 4
0.31 0.10 6.05 7 83 el
The Rigolets £.03 1.01 +.002 2.1 135.2 L
0.62 0.07 0.06 . = 1
Goose Point +.06 +,02 t.01
0.61 0.08 0.07 " .
Irish Bayou Lagoon $.05 1,04 t.01 1
1.87 0.14 0.16 . . . J
New Orleans East +.17 +.06 +.03 - ‘a'.
0.96 0.39 0.24 i .
Walker Canal .12 +.16 +.06 4
3
L
Cramer 197E: :
2.01 1.43 .63 29 54 4
Transect #1  Crossbayou Canal +.63 +.28 +.28 46,1 +2.2 . -3
1.46 1.04 1.15 24 45 .
Bayvu !anranche 2.39 1.17 $.23 15.3 £2.3 4
0.59 0.21 0.14 8 69 i
Offshore Swamp 1.06 1.03 .02 £1.7 111.9
0.96 0.30 0.32 13 54 ,4
Transecc #2  Walker Canal £.12 t.06 $.0S 12.8 4.1
0.69 0.33 0.31 11 53 o
Bzyou Piquant 2.06 1,06 +.06 12.6 6.4
.43 0.25 0.16 8 72
Offshore Marsh .07 2.06 .02 t1.3 12,7
L
= R
J
L 4
- i
4
9
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:-' Water chemistry of the wetland tributaries, Goose Point, and Irish s 2
Bayou Lagoon resembled that of the open lake stations (Cramer and Day,

Chapter 9; and Table 1). However, the higher TON at Goose Point and

;!: Irish Bayou Lagoon compared to that at open lake stations may reflect
} the export of organic material from the adjacent wetlands. Inorganic
| nitrogen and total phosphorus, however, were within the range of con-
p centrations found in the lake. "".‘i

g Mew Orleans East and the Walker Canal were characteristically high

in both inorganic and organic nutrient concentrations (Table 1). Both

waterways are situated along the southern lake shore and both drain ~"~.4
highly developed urban areas. Concentrations in these waterways were
close to twice those measured in the north shore tributaries.

Earlier transects through the waterways of the southwestern lake *‘-q.4

shore demonstrated large reductions in nutrient concentrations between » ]
the natural levee of the Mississippi River and a few kilometers offshore |
(Fig. 2, Table 1, Cramer 1978). The enrichment of these waterways is
probably derived from upland runoff from the developed natural levee
along the Mississippi River. High nutrient concentrations are evident
in the wetland waterways as well as offshore. Although concentrations
are considerably lower closer to those of the lake, they are high in
comparison with north shore wetland tributaries (i.e., Goose Point;

Table 1; Cramer and Day, Chapter 9).

Comparisons With Other Estuarine Systems

Table 2 indicates that water chemistry parameters from Lake Pontchar-

!

S

3 train stations encompass a range of concentrations reported for other -~

1

E estuarine systems. Total inorganic nitrogen in the open lake stations
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Figure 2. Map of Cramer (1978) study area. -
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Table 2, Averasge Nutricnt Concentrations from Several

Eatuarine Systems

Inorg. N

TON

River Input

Windom, Dunstan & Gardner 1974
Savanah
Santee

Kuenzler et al. 1977
North Carolina Streams
Natural
Channelized

Jaworski et al. 1972
Freshwater Portion
Rappahannock Estuary

Seaton 1979
Freshwater Portion
Baratar{a Basin, la.

Estuarine Concentrations

Seaton 1979
Barataria Bay, La.

Caperon et al, 1971
Kaneohe Bay, Hawaii
(Sevage Outfall) South Section
Transition
North Section

Naiman & Sibert 1978 .
Nanaimo Estusry, British Columbia
Straight of Georgla (Surface)
Nanaimo Estuary Mudflat
Nanaimo River

Butler & Tibbices 1971
Tamar Eetusry
River
Estuary
Coastal
Haines 1979
Coastal Shelf Waters, Georgia
0-10 kn from Shore

Butler 1979
Engiish Channel

(0.10-0.40)

0.40

0.16

0.24
0.09
0.03

0.007

4.0

0.12

1.72

0.90

0.16

(8.0-40.0)
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- and north shore tributaries resembled river input from the Santee River,

a2

L(.' North Carolina, Kaneohoe Bay, Hawail, the lower reaches of the Tamar

- Estuary, Great Britain, and Barataria Bay, Louisiana (Table 2). 1In

Aug 4

contrast, the southern Lake Pontchartrain wetland tributaries (Walker - 3

|
Canal) showed high values for inorganic nitrogen; they were in the range -_m‘4
of both natural and channelized streams in North Carolina and the C
freshwater portion of the Barataria Basin, Louisiana. These later

comparisons were the higher concenirations in each estuarine system. .
Total organic nitrogen in Lake Pontchartrain ranged between that found '.5
in both natural and channelized streams in North Carolina. Total

organic nitrogen in the Tamar Estuary was much lower than in the Lake j':*
Pontchartrain stations. The southwest wetland tributaries of Lake .

Pontchartrain resembled the high TON concentrations in the freshwater N 8

portions of the Barataria Basin, Louilsiana.

Total phosphorus concentration in Lake Pontchartrain were similar
to the natural streams in North Carolina, the freshwater portion of the

Rappahannock Estuary, and estuarine waters of Barataria Bay, Louisiana.

The higher total phosphorus concentrations in the southern wetland
tributaries were much like the freshwater portion of the Barataria
Basin. Similarly, concentration of lake chlorophyll a was similar to
concentrations in estuarine Barataria Bay. Chlorophyll a concentrations ’ _ﬂ
in southern waterways ranged between those found in the freshwater

portion of the Barataria Basin.

3

The above comparisons between Lake Pontchartrain stations and other

estuarine systems suggest that none of the lake stations are highly

Al d A2 o

enriched except for those in the southwestern corner of the lake (St. Charles

28
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Parish). These tributaries are very similar to the eutrophic freshwater B
portion of the Barataria Basin, Louisiana. The north shore and the lake
contained concentrations within the range measured in Barataria Bay, a

coastal embayment.

s IR
!
.«

Quantifying Water Quality

The foregoing comparison of Lake Pontchartrain with other areas

PPV Y | NPT Iy

indicates that there is a range of water quality conditions in the lake *
and surrounding tributaries. This range encompasses reported trophic
states from oligotrophic to eutrophic. To further quantify these water ]
quality conditions, we calculated a trophic state index (TSI) for the . .;
lake. ’15
The Barataria TSI was modeled after Brezonik and Shannon's (1971) ‘j
- gy

trophic state analysis of 55 Florida lakes. The degree of eutrophication
or enrichment was quantified by using the multivariate statistical

techniques of cluster and principal component analyses. Seven trophic

state parameters comprised the Florida index: total organic nitrogen, A
total phosphorus, Secchi disc depth, chlorophyll a, primary productivity,

conductivity, and Pearsall's cation ration (CA+Mg/K+Na).

The TSI developed for the Barataria Basin, Louisiana, was composed
of four variables: total organic nitrogen, total phosphorus, Secchi

disc depth, and chlorophyll a (Craig et al. 1978; Seaton and Day 1979;

Seaton 1979; Witzig and Day, in preparation). Two of the Florida variables, RS
conductivity and Pearsall's cation ratio, were deleted because they are j
inappropriate for estuarine waters. o b"ﬁ
Primary productivity was not available for the Barataria TSI. - }
However, a comparison of primary production in the few stations measured }
-
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in independent studies and their respective TSI scores produced a

regression coefficient of 0.80. The Lake Pontchartrain stations were i

:Sj included in the regression analysis.
3
3 The applicability of the Barataria TSI to other Louisiana coastal

waters was tested with water chemistry data from Lake Pontchartrain

(Witzig and Day, in preparation). The four master stations from Dow and
Turner's (Chapter 7) and Cramer's (1978) transect studies along the

southwestern lakeshore were tested. The TSI values for these stations

]

g

_ are shown in Tables 3 and 4.

- TSI scores for tributaries of Lake Pontchartrain (Table 4) fell

E both within the range of eutrophic stations and outside the range of the

:' hypereutrophic stations within the Barataria Basin (Table 5). The TSI - 1..1

: scores for the open lake stations (Table 3) fell outside the lower range 1

% of scores calculated for the Barataria Basin (Table 5). Comparison of B} "d
nutrient concentrations show values similar to those measured at Caminada ;‘:,;
Pass and thus are characteristic of Gulf of Mexico waters (Seaton 1979). ;

The 55 lakes analyzed by Brezonik and Shannon (1971) ranged from » :i :

hltra-oligotrophic by hypereutrophic. The large range of trophic states | .i
provided a broad spectrum for quantitative comparisons. Except for .E
salinity, many of the Florida lakes resembled Louisiana waters. Brezonik's 7 .;
data were recalculated according to the Barataria TSI. This recalculation N .j
resulted in a much broader scale of trophic states for comparison with S
Louisiana waters. Brezonik and Shannon's TSI ranking of Florida water- 7;:2
bodies and those recalculated from the Barataria analyses were compared ) thj
using Spearman's rank correlation test. The new ranking of Florida ‘
waterbodies by the Barataria TSI showed a 95% correlation with the
original ranking by Brezonik and Shannon (1971). However, discrepancies _?J

occurred between the oligotrophic and lower mesotrophic range (Table 6).
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Table 3. Lake Pontchartrain, LA, Trophic Classification of Master
Stations from Dow and Turner, Chapter 7

Master Stations Score Trophic Group*
1 Pass Manchac -5.2 M-0
2 Mid-Lake -5.5 M-0
3 THNC -6.3 M-0
4 The Rigolets -6.2 M-0

*
M-0 Meso-~oligotrophic

Table 4. Lake Pontchartrain, LA, Trophic Classification of Stations
from Cramer (1978)

Station # Location Score Trophic Group*
Transect 1:

Al-5 Crossbayou Canal 26.7 H

A6-10 Bayou LaBranche 17.6 H

Cl1-5 Offshore Swamp - 3.4 M
Transect 2:

Bl-5 Walker Canal 1.4 E

B6-1" Bayou Pigquant 0.6 E

Cc6-10 Offshore Marsh - 0.9 M

#*
M  Mesotrophic

E Eutrophic

H Hypereutrophic
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Table 5. Trophic State Classification of Barataria Basin, LA (Seaton 1979)
Waterbodies
Sta. No. Name Trophic State classification
25 Caminada Pass -4.8 M-0
17 Bayou Rigolettes -4.3 M
24 Barataria Bay -3.8 M
12 Lake Salvador -3.3 M
18 Bayou Perot -2.8 M
21 Little Lake -2.7 M
16 Bayou Barataria -1.8 M
23 Barataria Waterway ~-1.6 M
3 Natural Swamp Stream -1.4 M
22 John-the-Fool Bayou - .6 M
20 0il and Gas Field - .4 M
4 Bayou Chevreuil .6 E
8 Recreational Canal .7 E
13 Lake Cataouatche .7 E
11 Bayou des Allemands .9 E
14 Bayou Segnette 1.6 E
15 Gulf Intracoastal Waterway 2.1 E
9 Bayou des Allemands 2.6 E
10 Burtchell Canal 2.7 E
1 Bayou Citamon 3.7 E-H
7 Lac des Allemands 3.8 E-H
6 Bayou Chevreuil 4.0 E-H
5 St. James Canal 6.4 H
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Table 6. Reclassification of 55 Florida Lakes According to Four Variable
Trophic State Analyses

Lake No. Score Trophic Group
Santa Roas 47 -31.9 Uo
a Cowpen 54 -25.1 uo
Kingsley 40 -24.9 Uuo
a McClous 49 -24.8 uo
Brooklyn 43 ~-23.1 uo’
! Long 52 -22.8 uo
[ Magnolia 42 -20.4 uo
L Anderson-Cue 50 -20.0 0[]
w Gallillee 55 -18.9 uo
- Sandhill 41 -18.8 uo
- Swan 45 -18.1 vo
q Winnett 53 -17.8 0
§ Geneva 44 -17.3 uc
Santa Fe 1 -13.2 0
Clearwater 7 ~12.5 o
Meta 21 -12.1 M
- Still Pond 13 -11.8 Uo
e Weir 39 -10.8 M
- Hickory Pond 3 -10.0 0
3 Bevilles Pond 26 - 9.7 M
Little Santa Fe 2 - 9.3 0
Unnamed 25 - 9.1 M
Altho 4 - 8.7 0
Wall 46 - 8.4 0
Moss Lee 11 - 8.1 0
Unnamed 10 - 7.7 M
Suggs 51 - 6.3 0
Palatka 16 - 6.1 M
Adaho 48 - 6.0 0
Watermelon Pond 29 - 5.6 M
Long Pond 30 - 5.5 0
Harris 36 - 5.1 M
Jeggord 12 - 5.1 0
Orange 15 - 4.7 M
Elizabeth 6 - 4.3 M
Little Orange 9 - 4.3 M
Lochloosa 14 - 2.9 M
Unnamed 27 -1.9 M
Cooter Pond 5 - 1.5 M
Tuscawilla 33 - 0.9 M
Mize 18 - 0.9 M
Calf Pond 19 - 0.1 M
Wauberg 32 0.4 E
Eustis 37 1.0 E
Newnan's 17 1.2 E
Hawthorne 8 1.5 E
Clear 24 3.1 E
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Table 6. (Continued)

Lake No. Score Trophic Group
Griffen 38 4.1 H
Alice 22 5.2 H
Burnt Pond 31 6.2 E
Kanapaha 28 8.4 H
Bivin's Arm 23 9.7 H
Dora 35 10.4 H
Unnamed 20 11.6 H
Apopka 34 13.9 H
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Using the recalculated values, the four master stations of Lake
Pontchartrain were classified in the lower mesotrophic-oligotrophic

range of the trophic state spectrum (Dow and Turner, Chapter 7; Table

3). This classification agrees with the earlier comparisons of concentrations

in other estuarine systems (Table 2). Given the available data, this is
the most accurate classification. In addition, the earlier transect
studies from Cramer (1978) ranged between mesotrophic to hypereutrophic

waters (Table 4).

CONCLUSIONS
We compared nutrient concentrations in Lake Pontchartrain with
those in other estuaries. We also compared the TSI calculations on Lake
Pontchartrain data with those of other estuaries. On the basis of these
data, we conclude:
1) The open waters of Lake Pontchartrain are in the lower meso-
trophic to oligotrophic range.

2) Tributary waters receiving significant upland runoff are

eutrophic.
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Chapter 3

COMPUTATION OF DRIFT PATTERNS IN
LAKE PONTCHARTRAIN, LOUISIANA

by

B. T. Gael

ABSTRACT
Circulation and drift patterns in Lake Pontchértrain were studied
by means of a numerical computation. The resultant data suggest that
wind is the most important driving force for net drift in the lake, and
that this net drift is generally with the wind In shallow nearshore

water and counter to the wind in the deeper water or mid-lake.

INTRODUCTION

Estuarine water motions are generated by a number of oceanic,
riverine, and atmospheric forces combined with topographic controls.
Circulation, in turn, influences the distribution of chemical and
biological species in the estuary. Consequently, descriptions of these
estuarine water motions are of fundamental importance to coastal ecology.

The objective of this study was to investigate wind-driven circulation
in Lake Pontchartrain using modern computational methods. The scope of
this study was limited, however, to generalized results and was intended
to indicate trends rather than to provide quantitative predictions. 1In
this context, the results were extremely useful for locating suitable
sites for biological, chemical, and physical sampling and for interpreting

the data.
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METHODS

Circulation Analysis Finite Element, 1l-layered (CAFE-1), a depth-
integrated, two-dimensional, finite element, hydrodynamic-numerical
model (Wang and Connor 1975), was used to estimate drift patterns in
Lake Pontchartrain. CAFE-1 was originally developed at Massachusetts
lnstitute of Technology and has been verified for a number of coastal
circulation studies (Connor and Wang 1973; Celikkol and Reichard 1976;
Swakon and Wang 1977). The software for this study (the University of
Miami version) was unmodified. Application of the software to the
particular case of Lake Pontchartrain was consistent with procedures
outlined by the model's authors (Wang, pers. comm. 1978). Setting up

CAFE-1 for Lake Pontchartrain entailed the following procedure. The

area of the lake was divided into a finite number of triangular elements;

the vertices of each element being a node (Fig. 1l); spatial resolution

was made finer along the nearshore zone and near tidal passes where

velocity gradients were assumed to be strongest. Data on the following

parameters were assembled: (a) location of each node, (b) mean low

water depth at each node, (c¢) bottom friction and eddy viscosity coeffi-

cient at each node, (d) latitude (for Coriolis parameter), (e) tidal
period, (f) water density, (g) tidal amplitude and phase along open
boundaries, (h) speed and direction of wind over time, and (i) initial
conditions of height and volume flux at each node. Lake geometry and
depths used in the model were determined from a National Ocean Survey
map (no. 11369).

Normal boundary angles were calculated from an algorithm provided

by Dr. Wang. Manning fricti-n coefficients were between 0.018-0.022
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pass so that net flow through the system was zero and each pass still
bore its proportion of tidal flow.

Computational runs were made for four cases. Three (Cases 1
through 3) were typical of the warmer months of the year, and the fourth
(Case 4) was typical of fall and early winter. In each case, a typical
wind speed and direction, a typical river discharge, and the average
tidal prism (240 million m3/diurna1 cycle) was imposed on the lake. The
model was allowed to equilibrate for 36 hours (simulation time) to this

regime before data were recorded.

RESULTS

Initial sensitivity analyses on the model showed the importance of
wind forcing on the system. For example, if the river discharges of
less than 10,000 cfs at Pass Manchac forced the model (no wind or tidal
forcing), then negligible currents were generated in the center of the
lake.

In addition, average tidal fluxes of 240 million m3/diurnal cycle
without wind or river discharge produced net speeds (averaged over
several tidal cycles) of only a few cm/sec, but this effect disappeared
west of a north/south line through Goose Point. In contrast, even light
winds of 2 m/sec produced net circulation over the whole lake. This
circulation organized into a pattern showing water drifting with the
wind nearshore and returning against the wind in the middle of the lake.
Wind forcing, then, was more significant than the average effect from

either river discharge or tidal flux for net water drift.
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Four distinct cases were investigated:

Cagse 1: Mean tidal prism was 240 million m3/diurnal cycle; wind
was from southeast at 7 m/s; river discharge was 50,000 cfs net from
Pass Manchac.

Case 2: Mean tidal prism was 240 million m3/diurnal cycle; wind
was from southeast at 6.0 m/s; river discliarge was 50,000 cfs at Pass
Manchac and 200,000 cfs at Bonnet Carre Floodway.

Case 3: Mean tidal prism was 240 million m3/diurna1 cycle; wind
was from southeast at 5 m/s; river discharge was negligible.

Case 4: Mean tidal prism was 240 million m3/diurna1 cycle; wind
was from northeast at 6 m/s; river discharge was negligible.

These four cases occur with significant frequency, particularly
Case 3, during the ecologically important period of March through October.

Figure 2 shows the circulation calculated for a frequent condition
in April and May (Case 1) in which winds are strong from the éoutheast
and river discharge i1s nearly maximum. Highest velocities are near the
passes and at the west end of the lake near Frenier. Both north and
south shores show water drifting to the west, with the speed and direction
apparently independent of tidal cycle. During ebb tide there is a band
of easterly flowing water through the lake's center counter to the
littoral drift. Figure 3 shows the net drift pattern of these conditions
for two tidal cycles.

Figure 4 shows the calculated circulation for spring with the
addition of water from the Bonnet Carre Floodway (Case 2). A different
circulation pattern results, in that the longshore, wind-driven currents

are suppressed, and waters from Bonnet Carre flow directly through the
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Figure 2, Depth-integrated circulation in Lake Pontchartrain, LA,

during spring conditions of high river discharge and a
southeast wind. The top figure shows incoming tide and
the bottom figure shows outgoing tide.
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Depth-integrated circulation in Lake Pontchartrain, LA,
during spring conditions, plus Bonnet Carre Floodway at
70% of maximum. The top figure shows incoming tide and
the bottom figure shows outgoing tide.
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lake center and near the south shore (see also Swenson, Chapter 4). The

net drift pattern for these conditions is shown in Figure 5 for two

tidal cycles,

Figure 6 shows the calculated circulation in Lake Pontchartrain
driven by a steady, uniform wind field from the southeast at 5 meters
per second (Case 3). The flow through the open tidal boundaries was set

to approximate the mean astronomical tidal prism for a diurnal tide.

YT AT
1
s
]

Flow through the open boundary at Pass Manchac was prescribed ¢ @ that

5' the diurnal average approximated 200 m3/sec into the lake. Th driving )
k- conditions could be considered typical for June, July, and Aug

Figure 6 shows circulation conditions at minimum ebb for the " -  al"

summer conditions and at maximum flood. The ebbing circulation was

dominated by two large gyrals in the middle of the lake, with windward

drift at the north and south shores. At maximum flood, the westward

littoral drift was still present but the return flow through the lake

center was much reduced and not as clearly demarked. Figure 7 shows the e
path of drifting water particles over two days of typical summer conditions.
Extrapolation of these data suggest it would take over 45 days for a

P

particle to complete the entire western gyral cycle. ,

; Figure 8 shows simulated lake circulation for steady, uniform

VI UM

northeast wind at 6 meters per second. Tidal and river flows approximated

the annual mean values. This combination of driving functions was S
intended to represent conditions typical of September and October (or |
fall and early winter). Circulation through the main body of the lake

was counterclockwise, with strong littoral drift along the western - 1

shore. Drift along the northern and southern shores was still westward,

47




R T T W T e

e T s e E R

A A S R
PEDGEEN Lo

TR T TR T e TR .Y WS OO LT YT O Oy T T

doig X
aullylted —2
uels Q

*y 92an3TJ uO paIBOTPUT SuoIITPuocd 103 uiaijed 33TIQ

« o - g
&, Q- - @ o ¢
B g By @
o g ©
8 ®

¢ 2an813




Pf'

T

S « SARES

PPN ey

BTN Ny

R rep— "y —_— ——— p—————
- f
!\ '
. * ]
. . ~
f N \ Cr e
¢t . P .
\ / ArY » ¢ + . “
" VA v "
“ i 2 - ~ v
1 7 » -
. > [y )
' -_ i ¥ e 4 .
P~ i [t : « + . LI ¥ . LI
/ » |
: /! ¥ » A » . v *
: / e i
Y » » Ay
E J ‘\ ) “w " e . 'i
| . 3 - - »
! A . . . ! v
i i - p *
- R . » v
* ~ ’ v
. » . » » *
e ~ » A -
e 4 R ~a . .
A L] L3 » v . » + v v - -
i » 0 . . r e
» » . B 4 » ) VR
e CoL TR
| po » » » » Pl v R PR
{"‘ o * » ~» > * . "
{ i » » . o - L e 0
[ l » v P v s
s * . . A
(WY ") - . ) . /. Y 1
VX * » N Ve 2 ) N
® S » » » al e » e
\ L » »
\ « - ¥ - ¥ . \ w Vv
Vow T » N hd P
N » . ‘ro, . o 5. % :
\’" . L * ¢ . * » " w . ' "
N . . » . . S l
\*"4 (AP -t . ETN - . N
-~ . «* - * » /

Figure 6.

{

- g

- '.,»‘_/- WATE by

) M

Depth-integrated circulation in Lake Pontchartrain, LA.
Summer conditions: low wind and low river runoff, The top
figure shows incoming tide; the bottom, outgoing tide.
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Depth-integrated circulation in Lake Pontchartrain, LA.

Fall conditions:

The top figure shows incoming tide; the bottom, outgoing tide.

high wind and negligible river discharge.
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throughout the lake., FEddy viscosity coefficients were constant for all
elements throughout the lake and were set to 20 m2/s. However, results
were not sensitive to values as high as 100 mz/s or to as low as 5 m2/s.

Wind forcing was modeled as a steady, uniform field over the entire

:
lake. CAFE-1 calculates the drag coefficient for wind as directly
proportional to wind speed. In accordance with our objective of generalized
drift patterns, average seasonal values of wind speed and direction were
calculated from meteorologic data of U.S. Weather Bureau at Moisant
Airport, New Orleans (1963-1973).

Tidal fluxes over the open boundaries werce driven by tidal heights
at the open boundary nodes. Tidal heighis used to drive the model were
typical tidal signals taken or extrapolated from nearest gages. Open
boundary nodes of The Rigolets were very near a tide gage, whereas open
nodes at Chef Menteur Pass were several miles from gaged data. Tidal
heights for Pass Manchac and Inner Harbor Navigation Canal (IHNC) could
only be approximated. Depths of open boundary nodes were artificially
adjusted so that proper.m;ss flux was generated through the passes for a
given tidal range cycle. Tidal transport and range estimates were taken
from COE (1962) and from available tidal gage data. The phase lags of
the tidal wave were made relative to The Rigolets and were estimated to
be 0 to 1.5 hours at Chef Menteur Pass, 1.5 to 3.0 hours at IHNC, and
5.0 to 6.0 hours at Pass Manchac. Tidal flux was 240 million m3 per
cycle for the average diurnal tide, of which about 50% flowed through
The Rigolets. Since only steady state was considered in this study, net
flux through the system was required to be zero. For example, when wind

tilted the entire lake surface, mean water levels were adjusted at each
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but the width of this drifting water was much smalier than in previous
runs. By extrapolation of net drift data in Figure 9, circulation time

for the complete counterclockwise gyre was about one month.

DISCUSSION

Two small field studies were conducted to compare the calculated
drift patterns with those observed in the field. Dye and drogue surveys
were carried out August 14-15, 1978, in the eastern end of the lake.
Nearshore drift patterns between Bayou Lacombe and Goose Point indicated
a consistent westward component of low speed (<5 cm/sec) while winds
were from the southeast. This pattern was observed on numerous occasions
by other field personnel. Data collected along a transect 1 mile from
and parallel to I-10 during a rising tide showed currents 15-30 cm/sec,
higher near Point Aux Herbes. These field data are consistent with the
results shown in Figure 7.

Another survey was conducted on January 9, 1979, at the west end of
the lake. Dye injections showed a southeastward longshore velocity of
20-25 cm/sec near Ruddock, which decreased in strength toward Frenier.
Further offshore from Frenier, currents exhibited low velocities and
were moving away from shore toward the northeast. Prior to and during
this survey, winds were out of the northeast at 4-6 m/sec. Figure 9
shows simulated results for 6 m/sec from northeast.

The two small field studies corroborated some of the results of the
computational effort and indicate data output from CAFE-1l approximated

the circulation pattern in Lake Pontchartrain.
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. CONCLUSIONS
: The general conclusions of this study are:
j! 1) Wind appears to be the most important force driving net water
'
motion over Lake Pontchartrain,
s 2) The general circulation pattern in the lake appears similar to
i! coastal jetting where water nearshore moves with the wind and
- —g
[j counterflow develops through deep waters in the lake's center. <
] 3) Overall drift in Lake Pontchartrain is slow, generally less
il than 10 cm/sec in the lake, but considerably higher nearer the II‘_
- .
tidal passes.
These conclusions indicate that future circulation field studies should
ﬁ‘ employ very sensitive speed and direction equipment in the lake to ;f“ §
. M
3 adequately verify a more detailed model. 1
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Chapter 4
GENERAL HYDROGRAPHY OF
LAKE PONTCHARTRAIN, LOUISIANA
by

Erick M. Swenson

ABSTRACT

Currents, conductivity, and temperature profiles were measured at
various locations throughout Lake Pontchartrain during 1977-1979. Con-
ductivity and temperature maps were constructed f?om a shipboard flow-
thru conductivity and temperature system.

Current speed data indicate an average lake speed of 12-14 cm/sec.
Neither the current data nor the conductivity and temperature data
indicates a strong vertical stratification. Instead, the lake appears
to have a horizontal stratification that is controlled by the transfer
of water through the tidal passes.

Wind speed and wave height data indicate that conditions favorable
to bottom sediment resuspension occur approximately 15% of the time.

Tidal height data were used to determine marsh flooding statistics.
These data indicate that peaks in marsh flooding (hours of flooding)
occur in the spring and the fall and correspond with peaks in the mean

lake level.
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INTROUDCTION

Lake Pontchartrain does not fit Cameron and Pritchard's (1963)
definition of an estuary: '"an estuary is a semi-enclosed coastal body
of water which has free connection with the open sea and within which
sea water is measurably diluted with fresh water derived from land
drainage." Lake Pontchartrain does not have "free connection" with the
open sea as do estuaries such as Chesapeake and Galveston Bays; instead,
it has a restricted connection to Lake Borgne. Thus, Pontchartrain
represents a system with a restricted connection to another estuary as
opposed to a "free-connection with the open sea." Following Officer
(1976), Lake Pontchartrain can be considered as an '"associated water-
ﬁody" to an estuary. This category is a catchall for systems such as
straits, canals, bays, lagoons, and seas with restricted access.

The Lake Pontchartrain system has several driving forces that
determine its overall circulation pattern. They are: tides, winds, and
streamflow. Each 1s discussed below.

The lake has a diurnal tide with a mean range of about 12 cm (Out-
law 1979). This tidal signal produces barotropic slopes on the order of
10"6 radians, which 1s comparable to barotropic slopes determined by
Kjerfve (1973) in Caminada Bay, a shallow, bar-built Louisiana estuary.
The tidal prism volume was calculated to be approximately 3 x 108m3.

Another force, the wind, can be a dominant factor in controlling
the circulation. Tidal data from the lake (U.S. Army Corps of Engineers

[COE] 1962) indicate wind-induced slopes can be on the order of 107° to

107> radians. Figure 1 (based on data from Stone et al. 1972) demon-

strates that the wind can control the circulation. The figure indicates
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Figure 1. Circular histogram showing distribution of the angle between
wind direction and current direction in Lake Pontchartrain.
Each concentric ring corresponds to 2% with zero at the

. center. An angle of 0 indicates the wind is behind the

current (Based on data from Stone et al. 1972).
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that the majority of the current directions are related to the wind,
with the wind coming from the quadrant behind the current.

The rivers around the lake can also be important forces. Under
flood conditions, they can supply a volume of water that may equal or
exceed the tidal prism volume. In the Lake Pontchartrain system, all of
the variables under study (e.g., tides, winds, runoff, nutrients) are
continually changing. Hence, the estuary may be always trying to reach
a balance that it probably never achieves. As Dyer (1973) points out,
one cannot be sure if one is observing general principles or unique

details.

MATERIALS AND METHODS

From December 1977 to March 1979, a study was conducted that in-
volved both the collection of field data and the compilation of his-
torical data on the Lake Pontchartrain hydrographic system. This study
included descriptions of the lake currents, conductivity and temperature
patterns, as well as other environmental parameters (air temperature,
rainfall, streamflow, winds, and waves). The main objective of this
report is to give a descriptive picture of the general hydrography of
the lake.

The field program consisted of the establishment of 18 stations (14

»

survey stations and 4 master stations) throughout the lake and a number
of survey cruises during which a flow-thru system was used to measure
salinity and temperature.

A map showing the station locations and the survey track is pre-

sented in Figure 2. Table 1 gives the dates of each cruise and comments

on the type of data collected.
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Table 1. Summary of Cruises Made in Lake Pontchartrain, LA, During

o

1978-1979
Cruise Number Date Comments
01 3/15-17/78 Survey - mapping cruise
02 4/25-28/78 Survey - mapping cruise
03 5/19/78 Survey - mapping cruise
04 5/30/78 Causeway Sampliny
05 6/5-6/78 The Rigolets - 24 hour
06 6/20-23/78 Manchac, THNC
07 6/26-27/78 Causeway
08 7/11-12/78 Chef Menteur Pass - 24 hour
09 7/18-20/78 Survey, drogue
10 8/10-11/78 IHNC - 24 hour
11 8/22-24/78 Survey - mapping cruise
12 9/19-21/78 Anchor Stations
13 10/4/78 Bathmetric Profiles
14 10/5-6/78 IHNC - 24 hour
15 10/9-12/78 Survey - mapping cruise
16 10/26/78 Moored Meters
17 10/30-11/3/78 Experimental
18 11/9/78 Electrode Installation
19 12/4-5/78 The Rigolets - 24 hour
20 12/7-8/78 IHNC - 24 hour
21 12/12-13/78 Survey - mapping cruise
22 1/10/79 Dye Study - Frenier
23 4/3-4/79 Survey - mapping cruise
24 4/26/79 Bonnet Carre Floodway Study
25 5/9/79 Bonnet Carre Floodway Study
26 5/15/79 Bonnet Carre Floodway Study
62

o




ST T R TE— g v T Y —v ¥ —

A vertical profile was made at each station during a cruise. The
profiling procedure involved measuring current speed and direction,
conductivity, and temperature at one or two meter intervals (depending
upon location) from surface to bottom. When the ship was anchored at
one spot for an entire day, profiles were made every hour when feasible,
The instruments used were an ENDECO type 110 current meter with temper-
ature and depth and a Hydrolab type 8000 CTD (conductivity, temperature,
depth) meter.

During the survey cruises, a flow-thru system was used to map
surface conductivity and temperature. Water was pumped through a
cylinder housing the conductivity and temperature probes. Data were
recorded continuously while the ship was underway by use of a chart
recorder. The data were later digitized by hand and were used to con-
struct the surface temperature and conductivity maps included in this
report. The flow~thru system had a response time of about 30 seconds.
Hence, by the time a value from a given location was recordea, the ship
had moved about 50 meters.

Navigation was accomplished primarily through the use of RADAR and
compass bearings. LORAN-C was used whenever possible. I estimate the
error in station location to be a circle with a radius of about 1.2
kilometers.

The manufacturers' specifications with regards to the precision of

the current meter are:

Speed
accuracy 3%
threshc1d 2.57 cm/sec
Direction
accuracy +37
threshold 2.57 cm/sec
63
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Temperature
accuracy
Depth
accuracy

T -

The manufacturer's specifications regarding the conductivity,

temperature, and depth meter (CTD) are:

Conductivity
accuracy

response time
range
Temperature
accuracy
response time
range
Depth
accuracy
range

+2.5%

*1.57% with standard
solution cali-
bration

2 seconds

0-20 mmhos/cm

+.2°%¢C
10 segonds
-5-45"C

+.3m
0-20m

The conductivity probe was standardized periodically; hence, our accuracy

was the 1.5% figure.
25°¢ by the CTD meter.

given in Appendix Table 4.

All conductivities are internally referenced to
A conversion of conductivity to salinity is

Because the temperature accuracy of the CTD

is better than that of the temperature sensor on the current meter, all

temperatures used were those measured by the CTD.

I. Currents

DATA PRESENTATION

Appendix 1 Figures Al-1l to Al-5 show a series of current profiles

measured at various locations and times within the lake. In general the

profiles show a decrease in current speeds from 10-20 cm/sec at the

surface to values as low as 5 cm/sec at near bottom (about 1 m off at

bottom).

G4

The direction remains fairly constant from top to bottom, with
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the maximum variation being approximately 60 degrees (the average being
less than 20 degrees). This type of profile indicates that Lake
Pontchartrain is a vertically well-mixed system.

The current data are summarized in Figure 3, which shows histograms
of current speeds for the four seasons of the year. (Winter = December,
January, and February; spring = March, April, and May; summer = June,
July, and August; fall = September, October, and November.) The average
is computed for each season along with the 95% confidence interval of
the mean. Figure 4 shows a similar plot for current speed data collected
by the COE (1962). These data indicate that average current speeds

within the lake are in the range of 12-14 cm/sec.

II. Conductivity, Temperature

Appendix 2 Figures A2-1 to A2-10 show a series of profiles of
conductivity and temperature at various locations and times within the
lake. Figures 5-7 show sections of the lake along the Lake Pontchartrain
Causeway with contoured values of conductivity and temperature. In
general, the profiles show a slight increase in conductivity (1 to
2 mmhos/cm) from surface to bottom at stations located away from the
tidal passes. At stations located near the tidal passes or rivers, this
increase is greater, being about 6-9 mmhos/cm (Fig. A2-1, A2-2, A2-4,
and A2-6). The temperature profiles show a general decrease of about 1
to 2° C from surface to bottom. This temperature difference is more
pronounced in the spring and summer than in the fall (see Fig. A2-9).

Figure 8 shows a time series plot of both temperature and conduc-
tivity within the lake from data collected during this study. There is
a significant difference in the average conductivity of each side, but
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speed in Lake Pontchartrain, L4 for each season of the
sampling year (1978-1979). The mean (S), the 95% confidence
interval (CI) of this mean, and the number of samples (N)
are indicated at the top of each histogram. Winter =

Dec., Jan., and Feb.; spring = March, April, and May;

summer = June, July, August; fall = Sept., Oct., and Ncv.

66

«
J S AT

-

et o oG e
\ N
40- Q § \\ .
% §§ N ’
NN N |
o &\\\\\\ — AN \\\\\\\ —
Winter Spring
PSR CIm2.3 mite 395 1T s e
o N=20 N:=16
\\\
. § N
% \ N
0\\\\%:\\§\\\\\_ﬂ [ %\k\m\ ] :
Summer Fall



L- 30

¢
i §:-14.5 §:=143
20 95% Ci =)2 95% ¢) =%).3
Lc 4 o N =122 N =134
- 10

L pa ey 20
o
A

3 0
o '

3 WINTER SPRING

. 30 _

H . $:=12,7 §:13.9

' 20 95% cl =1 95% Cl =114

< i N =159 N =114
10 |
]
-
2 6 10 14 18 >20 2 6 10 4 18 >20
Cm/Sec Cm/Sec
SUMMER FALL
» mancnac H
' ®
&
;. 0 3 10 Miles
: )

] Figure 4. Histograms showing distribution of average lake current
speed for each season, from U.S. Army Corps of Engineers
data (1962). The mean (S), the 95% confidence interval (CI)
of this mean, and the number of samples (N) are indicated
at the top of each histogram. The map at the bottom shows

. the sample locations in Lake Pontchartrain, LA, 1978-1979.

U WP S S G NP AP U YU ) A




T -

"

el an an an g

Pr—

Figure 5.

o

S Temp. C
— v BN By B
4 28
L [ ] PY °
1 ®
o o

1978 1040 -1227
[+] 4
Miles
S Temp. °% N
v v v SR ) BEEE BN ans \
\_/\ 30
28 29
j/.'—_, d e o [ ]
[
o @ ®
d
S Cond, Mmhos/Cm N

NI T
N/ /

®
L ® o, o

7

—MAY 30 1978 12271345

[} 4
Miles

Cross section of Lake Pontchartrain along the Lake

Pontchartrain Causeway with contoured values of
temperature (°C) and conductivity (mmhos/cm). The
dates and times of the sections are indicated in the
lower left corner.

68




Figure 6.

° S Temp. "C
-—
\_:“/ ¥ § ¥
2 -
L ] eofle [ ]
30
‘ L
2 ° . °
o |
0 s Cond Mmhon/Cm
2 | \\\ :
- \ ‘5
4 \\\\\\\\‘\\ \\
e J
JUNE 26 1978 1100 — 1216
o] 4
Miles
o S Temp °c
-—
RSy
2 N
o o o
9 30
‘ -
o o .
6 |

Cond. Mmhos/Cm N

\\§ oS
§ |

—JUNE 2¢ 1979 1645 — 1835

0 4
Miles

Cross section of Lake Pontchartrain along the Lake
Lake Pontchartrain Causeway with contoured values of
temperature (°C) and conductivity (mmhos/cm).

The dates and times of the sections are indicated in
the lower left corner.
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there is little temperature difference from east to west. "East" is the
area east of the Lake Pontchartrain Causeway and "west" is the area west
of the Causeway.

The surface conductivity and temperature maps are presented in

Appendix 3.

III. Tides

Tidal heights were monitored during 1978-1979 by the Waterways
Experiment Station (WES) at several locations within the lake system.
These data are presented in a report by Outlaw (1979). Some of these
data are presented here to give a general picture of the tidal signal
within the lake. Figure 9 shows the average tidal range within the
lake, and Figure 10 is an example of the tidal signal at four locations,
(from COE tidal gages in Lake Pontchartrain). The diurnal period is
prevalent, although interference from other events (winds) is also
evident. Figure 11 presents the phase lag (in hrs) relative to a
station off the mouth of the Pearl River (B-2 on Figure 11) of the 01
and K1 tidal constituents at several points within Lake Pontchartrain.
The 01 and K1 constituents have been shown to be the dominant diurnal
constituents in Lake Pontchartrain (Outlaw 1979). These data indicate
that there is very little phase lag between the three tidal passes. It
can also be seen that there 1is essentially no phase lag between the
stations along the Lake Pontchartrain Causeway and the station near Pass
Manchac. This pattern indicates that the tide in the lake is a forced
oscillation; with the water level over the entire lake rising and fall-

ing as a unit.
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Figure 12 shows time series plots of the percent of winds coming
from the east (top) and the mean monthly lake level (bottom) for the
sampling year. 'The wind data are based on the daily, resultant wind
speeds at New Orleans International Airport (from National Oceanic
Atmospheric Administration [NOAA] records). The daily data for each
month were groupad into 30° intervals, and the percent of values in each
interval was computed. From these data, the percent of wind from the
east (60-150°) was computed.

Mean monthly lake level was computed by averaging the 8 A.M.
readings (from COE tide records) for five gages in the lake for each
month. The gagés used were: Irish Bayou, Mandeville, Mid-lake, West
End, and Frenier. These data show two peaks in m%an lake level, one in
the spring, and the other in the fall, which correspond to similar peaks
in the east wind. However, the Gulf of Mexico itself also has a spring
and fall peak in mean level (Marmer 1954).

Thus, the level of Lake Pontchartrain is controlled by a combi-
nation of the Gulf tides and the forcing of easterly winds (driving
water into the lake). The data presented here are not sufficient to
separate out each of these two components. To do so, synoptic measure-
ments of wind and water level would be needed at intervals of several
hours as opposed to once a day. However, it is likely that the wind
effect is quite pronounced in this shallow system with a low tidal range

(Marmer 1954). On the basis of these data, it can be concluded that the
mean monthly level is primarily controlled by the forcing of the wind.
It is probable that this effect occurs over a wider area than Lake

Pontchartrain and includes Lake Borgne and the Mississippi, Chandeleur,

and Breton Sounds.
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IV. Wind and Waves

During the late 1950's and early 1960's, the COE collected simul-
taneous wind and wave data at various locations in the lake system
(North Shore, South Shore, and Frenier). A time series plot of wind and
wave data collected on May 30, 1959 at the North Shore station is pre-
sented in Figure 13. There is a direct relationship between wind speed
and wave height that will be discussed in detail later. These data also
show that there is very little response time between an increase in wind

speed and the corresponding increase in wave height.

DISCUSSION

I. Climatic Characterization of the Sampling Year

A. Introduction

If the ecological data are to be compared to other data collected
in the lake system, it is desirable to characterize the lake in terms of
some of the basic environmental paramters. Various parameters measured
during this study were compared to historical data. These parameters

include: air temperature, rainfall, streamflow, and lake salinity.

B. Data

Figure 14 shows a plot of deviations from the mean for some of the
parameters mentioned on a monthly basis from December 1977 to December
1978.

The air temperature deviation (top graph) and rainfall deviation

(second graph) are based upon (NOAA) records from east central Louisiana.

The mean used for each month was the standard 30 year mean (1948-1978)
used routinely by NOAA.
The streamflow deviation curves (2nd and 3rd from top) are based

upon U.S. Geological Survey (USGS) streamflow records. The long-term
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monthly mean for a given month was calculated by taking the average of

bendie

the USGS monthly means for that month from 1939 to 1978. The dashed
lines on the curves represent the 957 confidence level of the long-tcrm
monthly means. The Tangipahoa and Amite Rivers together account for
about 75% of the freshwater input into the lake (see water budget calcu-
lations, Chapter 5).

Figure 15 shows a plot of the 10-year mean monthly salinity at

A
E
.L

Little Woods (COE 1962) and the salinity measured at South Point during

this study. It has been assumed that these stations are valid indications

of the general salinity trends in the lake. . .'!

s

- C. Discussion of Climatic Characterization

e Assuming that the data in Figures 14 and 15 are fairly accurate - ..4
5 representations of the basic physical parameters affecting the lake, it

is possible to classify our sampling year by season as shown in Figure 16. : 4
The horizontal bar in the figure is an attempt to account for the vari- .-
ation that occurs during a season. For example, if all values of pa-

rameter were normal for a given season, then the horizontal bar would be

yiTY

centered on normal. However, if a majority of the values were low but ‘ ‘«

one high value made the average normal, then the bar would be shifted

towards the low end but closer to normal than low.

f‘ Temperature was in general lower in the winter (December, January, and - .’
February), approximately normal in spring (March, April, and May) and ' 1
summer (June, July, and August), and higher in the fall (September, October,

® and November). Rainfall was, in general, on the lower side of normal.
Streamflow was normal for the summer season, higher than normal in the

winter, and lower than normal in the spring and fall. Lake salinity followed

1. the general pattern of low values in the spring and a peak in the fall.
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II. General Circulation

The current data collected were not adequate to enable the con-
struction of vector plots that would show the general circulation.
Because it took 12 hours to sample the lake, it is impossible to separate
the temporal and spatial changes. However, the current data were useful
in determining values for the mean current speeds within the lake (Fig. 3).
A summary of the large-scale drift patterns is presented here; the
reader is referred to Gael, Chapter 3, for details.

Both Gael (Chapter 3) and Stone et al. (1972) have demonstrated
that Lake Pontchartrain is primarily a wind- dominated system. 1In
general, the edges of the lake are characterized by longshore boundary
currents; the direction of these currents is apparently determined by
the wind direction. For example, with a northeast wind, a counterclock-
wise gyre develops in the southwest portion of the lake that initiates
an eastward current along the south shore. The center of the lake is
dominated by large-scale gyres whose orientation and circulation pattern

are dependent on the wind direction.

I1I. Temperature and Conductivity Patterns

The temperature and conductivity profiles both show some degree of
stratification within the lake system. In most cases, the conductivity
stratification is fairly slight and would not be significant as far as
the general biology of the lake 1s concerned. This is shown by the
primary production data, which show (in general) no vertical strati-
fication (Dow and Turner, Chapter 7). However, it is possible that
density differences associated with conductivity (salinity) and tempera-

ture differences could be large enough to induce a secondary density-driven
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flow. In order to evaluate this possible second order effect, long-term
synoptic measurements of salinity and temperature (density) at several
locations would be needed. Such data are presently unavailable.

The temperature profiles show a temperature gradient usually in the

upper meter of water. This is noticeable on the Causeway sections (Fig.

This effect is most likely due to diurnal heating, because the stratification

is less pronnounced at night (Fig. 6-7) and during the fall months (see
Fig. A2-9).

The most evident feature of the conductivity and temperature maps
(Appendix 3) is the horizontal conductivity stratification. In general,
the lake has an eastern half dominated by the tidal exchange and a
western half dominated by streamflow. The conductivity maps show
"tongues" of saltier water that appear to spread across the lake,
dividing it along a northeast-southwest line (from Green Point to Walker
Canal). (See Fig. A3-4, A3-6, A3-8, A3-10, A3-12, and A3-14.)

Since this division appears to be a year-round feature (Fig. A3-4,
A3-6, A3-8, A3-10, A3-12, and A3-14), one would expect the ecology of
the lake (particularly the benthos) to be adjusted to it. This appears
to be the case, because the benthic data collected during this study,

particularly the distribution of Mulinia pontchartrainensis, Macoma

mitchelli, and the chironomids, show an east-west difference. Thus, a
change in this stratification pattern could affect the distribution of
bottom-dwelling organisms in the lake,

The temperature map shows a general structure in which the lake is

usually slightly warmer in the center. This pattern could result from

the influx of colder river runoff along the lake edges that is confined to

the edges by the longshore boundary currents discussed in the circulation
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section. In addition, the large-scale gyres mentioned would serve to

trap water in the lake center that would ther be heated by solar radiation.

In summary, based upon the data collected, one could classify Lake
Pontchartrain as a weakly vertically stratified but strongly horizontally

stratified system.

IV. Bottom Resuspension

A. Introduction

The fine-grained sediments found in large lakes such as Lake
Pontchartrain may contain large amounts of nutrients, trace metals, and
other man-made contaminants (Sheng and Lick 1979). The resuspension of
these sediments with their associated materials may occur by tidal
currents, wind-induced waves, or man's activities (dredging).

This section discusses the physical aspects of sediment resuspension
in the lake to determine under what natural conditions sediments may be

resuspended in the lake.

B. Physical Considerations

In considering the problem of sediment resuspension, it is first
necessary to define the level of sediment motion with which we intend to
deal. The criterion for incipient sediment motion could be any of the
following (Garde and Raju 1977):

(a) a single particle moving;

(b) a few particles moving;

(c) general motion of the bed;

(d) 1limiting condition when the rate of sediment
transport tends to zero.
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In this discussion, we will use condition (c) as the criterion for incipient
sediment movement, since this is the most likely condition under which the
ecological effects would become important. Sediment resuspension can be
defined as "the point when the sediment particles leave the bottom and

are carried into suspension by turbulent eddies within the flow."

The initial motion of bottom sediments 1is usually related to the
bottom shear stress (Tg). This shear stress arises because there is
friction when the water flows over the bottom. The stress is given by

the general relationship (Sheng and Lick 1979):

2
= 1
T, =0 £ Uy (1)
Where:
p = density of water

f = friction coefficient (dependent upon bottom
material) ~.004 ’

UB = local bottom velocity

This stress can result from either tidal currents or wind waves. In the

case of tidal currents, the stress is simply given by (Sheng and Lick

1979):

B 2

o= P fC Uy (2)
Where:

Tg = bottom stress due to currents

p = density of water
£, = friction term ".004
U, = bottom current
The bottom stress due to waves at any instant in time (t) is given by

(Sheng and Lick 1979):

B 2 21t 20t
T, = P £y Uy, Cos “F5 €08 “5g (3)
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Where:

bottom stress due to waves

-
[

U = bottom current due to waves

3
(]

wave period

The bottom current due to the waves is calculated with the aid of the

following relationships (Sheng and Lick 1979):

HHS
U, = (4)
M1 sinn &Y
s L »
d
Where:
HS = sgignificant wave height
TS = sgsignificant wave period
d = 1local depth
Ld = wavelength for depth d
The wavelength Ld is defined by:
m
L; = L tanh 20d (5)
L
d
g To
L= o (6)

For a further simplification, Sheng and Lick (1979) have considered the

average wave shear stress over a wave period TS.

Computing the average, one arrives at the following formula for the

average wave shear stress:

2
B3P 1)
W 2

Using these relationships, it is possible to calculate the bottom stresses
from a given tidal current or a given wave. However, the stresses

needed to move or resuspend the sediments in the lake must be known

before it can be determined whether the sediments will be affected.
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These so-called '"critical stresses' depend upon the nature of the sedi-

4 2 a

ment itself and are usually determined experimentally.

Through the use of literature estimates for critical stresses on

sediments similar to those in Lake Pontchartrain as well as wave and 1
]

current data from the lake, an estimate of resuspension can be made. S
These results are presented in the next section. j
i

- v.d

C. Application to Lake Pontchartrain

Ty

During the late 1950's and early 1962's, the COE collected simul-

taneous wind and wave data in Lake Pontchartrain (see Fig. 13). Figure 17

' .
& T
B POV SOV S

shows a plot constructed from these data of wave period as a function of

“"*I"

wave height. Using this plot along with equations 4, 5, 6, 7, it was
possible to determine the bottom stress as a function of a given wave
height. These results are presented in Table 2.

The majority of the sediment in the center of the lake fall in the

general classification of silty-clay (based upon data collected by the . ;'u
benthos part of this study [Bahr et al., Chapter 11]). From literature ' q
estimates of critical stresses (Table 3), it appears that sediments in '
the Lake Pontchartrain system will begin moving at a stress of about o
1.0-2.0 dynes/cmz, with total resuspension occurring at approximately 10
dynes/cmz. These stresses would correspond to wave heights of approxi-
mately 0.75 m and 1.3 m, respectively. These wave heights can be related ‘@
to wind speed through the use of Figure 18; which gives wave height as a

function of wind speed, based upon data collected in the lake system by

the COE. The data follow quite closely the relationship given by the -
wave hindcasting tables found in Bretshneider (1966). From Figure 18 it

was determined that sediment movement in the lake begins at a wind speed

of about 15 mph (6 m/sec) and that complete resuspension occurs at a wind -

speed of about 38 mph (17m/sec). i
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Figure 17.

2 4 6

Wave Height In Feet

Plot showing wave period (in seconds) as a function of
wave helght (in feet) for data collected in Lake
Pontchartrain (U.S. Army Corps of Engineers 1962).
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AFrom Fquation (5).
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Table 2. Calculation of Bottom Stress (13) in Lake Pontchartrain, LA

vd gt By i)
6.2 6.2 1.5 .01

14.0 13.4 24.0 1.15

15.9 14.8 31.8 2.02

20.2 17.8 50.1 5.02

25.0 20.8 72.1 10.40

27.5 22.2 87.3 15.20

31.6 24 .4 100.0 20.00

1Va]nes for H were chosen.

2F10m Figure 16 after choosing H.
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Table 3. Critical Shear Stresses for Materilals Similar in Size to those
Found in Lake Pontchartrain, LA

1 in dynes/cm2 Material Author
Movement Resuspension
3.4 12.6 Clay & Silt Bretschneider, 1966
2.0 12.0 Clays McDowell and
0'Connor, 1977
1.8-2.0 ———— Quartz Sand Garde and
.2-.4 vm Ranga Raju, 1977
2.0 10.0 Clays & Silts Sheng and Lick,
1979
1.0-2.9* ———= Medium Sand to Rhoads et al.,
Coarse Silts 1978
- 6.0% Medium Sand Lavelle et al.,
.18 mm 1978
1.0 5.3 Carbonates Wimbush et al.,
.2 tm 1979

*
Inferred by present author from bottom current data.
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The average bottom tidal currents within the lake (5-10 cm/sec)
will induce a bottom stress less than 0.5 dynes/cm2 (from equation 2),
Thus, in general the average tidal currents in the lake are not capable
of moving the sediments. Instead, the motion is accomplished by the
action of wind~induced waves. However, once the material has been set
in motion, it can then be carried by the tidal currents.

The determination of critical stresses on sediments is still in the
beginning stages. Most values are determined by flume studies, and the
relation to the environment is somewhat sketchy because factors such as
mineralogical content, water content, and percent of organic matter must
be taken into account. This has not been done.

In addition, the effects of organisms such as microbial growth,
mucus binding, and the development of worm tubes have been ignored. It
has been estimated (Rhodes et al. 1978) that these effects may change
the critical stresses by up to 80%. Thus, the discussion is only a
first attempt to evaluate the sediment resuspension problem in Lake
Pontchartrain. However, it does provide a basis for investigating some

general trends.

D. Implications

The discussion thus far has shown that the sediments in Lake Pont-
chartrain are capable of being moved by waves induced by fairly small
wind spéeds (\15 mph [“6m/sec]). The movement of these sediments affect
exchanges that influence the productivity of the water column and may
act as a food supply for the benthic community (Oviatt et al. 1975). 1In
addition, movement of the bottom layer may also serve to disperse small

benthic organisms (J. Sikora, personal comm. 1979). Wind data from the
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lake area (see Gael, Chapter 3) indicate that winds of this magnitude

(15 mph [6m/sec]) or greater occur about 15% of the time. Thus, we are

lead to conclude that the bottom is in motion about 157 of the time due '
to natural causes.
When winds are such that the material is brought into suspension, .
- —g

its redistribution will then be determined by the current pattern in the
lake. Stone et al. (1972) have shown that a westerly flowing current
may develop along the south shore. 1In this case, the interaction of the
waves and currents could serve to disperse materials that have entered
the lake from New Orleans and have settled on the bottom. Similar

situations may also occur around the other edges of the lake.

o

The center of the lake appears to be dominated by large-scale
gyres. These gyres are evidenced in both the drift pattern predictions

(Gael, Chapter 3) and in the Stone et al. (1972) data. These gyres will
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influence the way material resuspended by the wave action will be
redistributed. In general, material resuspended in the center portion
of the lake will probably be redistributed within the center portion.

However, some of the material may be carried by the currents along the

v . .
s s mtas s aams ok dmd el Foa seaa

edges. The resuspension may also be accompanied by a release of nutrients
and/or toxic materials to the overlying water column (Sheng and Lick
®
1979). «
V. Marsh Flooding ;
o'
A. Introduction - “
The flooding of three marsh areas around Lake Pontchartrain was
investigated by examining COE tidal gage records to determine whether any
o
large-scale trends could be established. - -
d
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B. Data

The areas studied were: St. Charles marsh (using the Frenier
gage), Irish Bayou marsh (using the Irish Bayou gage), and Goose Point
narsh (using the Mandeville gage). In all cases the gage closest to the
marsh was used, but it was assumed that the water surface between the
page and the marsh area was level.

Marsh heights are known to be between zero and two feet (0.6 m)
abo'e NGVD (National Geodetic Vertical Datum = mean sea level [MSL])
(COE Communication 1979). Therefore, in calculating the flooding time,
the marsh heights were assumed to be one foot (0.3 m) above NGVD. This
enabled us to make a first order investigation into the flooding of
marshes surrounding the lake.

The tide gage records were analyzed by hand using the procedure

outlined below. A line corresponding to a tide height of one foot (0.3 m)

above NGVD was drawn along the record being analyzed. The total number
of hours (for each month) that the tidal height exceeded that level was
measured using a scale coustructed to read in hours. In addition, the
number of hours of flooding due to "storm events" was noted. Such storm
events are quite noticeable on the records as large departures from

the normal pattern (see Fig. 10 for an example). The frequency of

'flooding was also computed. In this instance, the "frequency" is defined

as '"the number of tidal cycles during which the marsh was flooded."
Since there is a diurnal tide, the marshes would be flooded once a day
if they were flooded on every tidal cycle. Hence, the upper limit to
this figure is equal to the number of days in the month. This procedure

was used for each of the three locations studied.
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The resulting statistics giving monthly values of hours of flooding
(the yearly total is also given), frequency of flooding (the yearly
total is also given), and percent of flooding due to storms for each
marsh area are presented in Figures 19-21.

The mean monthly level for each of the three gages were compared to
ensure that there were no large discrepencies in gage data. The records
were quite complete, and only a small amount of data were missing for
February and March on the Frenier gage. Since the amount of data missing

was small, it was ignored for this investigation.

C. Discussion and Implications

The most notable feature on the hours of flooding curves is that
two peaks occur, one in May and the other in September. These peaks
correspond to the mean lake level curve (Fig. 12) which also has peaks
during these two months. This 1s to be expected because higher lake
levels should result in greater marsh flooding. If the lake level
pattern were to be changed by artificial means, the result could be a
change in the marsh flooding regime. The effect of such a change is
difficult to assess at present. In comparing the flooding data to the
marsh production data collected by Cramer and Day (Chapter 9), no
definite relationship appears between flooding and production. There
are other factors such as nutrient loading and washing out of detritus
that must be taken into account.

The flooding data also indicate that for areas within the lake
proper (St. Charles and Goose Point), the yearly totals of flooding are
about equal (4012 hours vs 3426 hours). The Irish Bayou area shows a

significantly higher value (4760), which 1s to be expected because it is
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Flooding Statistics for Irish Bayou Area
Based on Inish Bayou Tida! Records

400 —<' 1-4760

=219

wn

T 1

J F M A M J J A S o N

Month

Plots showing, by month, (from top to bottom): hours of flood-
ing, frequently of flooding, and percent of flooding due to storms
for the Irish Bayou marsh area, over the sample year. The total
hours of flooding and the total number of floodings are indicated
above those plots (Based on Corps of Engineers tidal gage re-

cords--see text).
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Figure 20.

Plots showing (from top to bottom):

hours of flooding, frequency

of flooding and percent of flooding due to storms, by month, for
the Goose Point marsh area, over the sample year. The total hours
of flooding and the total number of floodings are indicated above

those plots (Based on Corps of Engineers tidal gage records--see
text) 99




| Flooding Statistics for St. Charles Marsh
.,-‘ Based on Frenier Tidal Record
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Figure 21. Plots showing, by month, 1978 (from top to bottom): hours of
flooding, frequency of flooding, and percent of flooding due to
storms for the St. Charles marsh area, over the sample year. The
total hours of flooding and the total number of floodings are
indicated above those plots (Based on Corps of Engineers tidal

gage records-—see text).
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in a lake area dominated by the tidal passes. When the total hours of
flooding for the Irish Bayou area are compared with the total hours of
flooding determined by Sasser (1977) for The Rigolets area, one finds
The Rigolets is greater than Irish Bayou (5550 hours as compared to 4760
hours). Again, The Rigolets marshes are in an area of greater tidal
influence so one would expect a greater amount of flooding.

The total hours of flooding for the year indicate that the marshes
are flooded about 507 of the time. The frequency of flooding curves
show a pattern that essentially follows the hours of flooding curve.

The last curve, which shows the percent of flooding due to storms,
show a seasonal trend. At all three locations, it can be seen that
during the summer months of June and July, none of the flooding was due
to storms. This is to be expected because large storms are usually rare
during the summer months. However, during the rest of the year, winds
are stronger and storms are more frequent, and these events show up on
the tidal records. The data indicate that in general, storm events that
either blow water into the marsh or railse the entire lake level are
responsible for about 50 percent of the total flooding time.

The COE is presently conducting a survey of marsh areas around Lake
Pontchartrain. The results of this survey should supply data to provide
a more accurate picture of the flooding. Possibly a computer model that
takes into account the actual topography of the marsh surface (the
present investigation assumed a flat surface) can be constructed. This
would allow for the calculation of turnover times of the water in the
marsh. The present data are not accurate enough to make any detailed

calcuations of turnover times.
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VI. Bonnet Carre Floodway Study

During April of 1979, the Bonnet Carre Floodway was opened by the
COE. During the time the floodway was open, several cruises were made
to study the effects of the opening. The main purpose of the cruises
was to map the plume through the use of three separate parameters:
temperature, conductivity, and suspended load.

Temperature and conductivity maps were made using the flow-thru
system discussed previously. Water samples were collected from the
flow-thru system for suspended load analysis. Anchor stations were also
established for the collection of nutrient and heavy metal samples as
well as for the collection of triplicate samples for suspended load
analysis.

In addition to the water samples taken for suspended load, a
Bausch and Lomb Spectronic-20 spectrophotometer was connected to the
flow-thru system to map turbidity. This system was marginally successful
and provided data useful in defining trends but not quantitatively
acceptable.

Samples collected for suspended load were analyzed by filtering a
known volume of water (usually 100 to 200 ml) through a pre-weighed,
dry, "millipore" filter (0.45 u). The filters were allowed to dry, then
were re-weighed to get the total amount of solids. In addition to the
actual samples, some filters were used as 'blanks" (100 ml of distilled
water was filtered through them) in order to correct for changes in

filter weight. The results were expressed as mg/l dry weight. Statistical

analyses performed on triplicate samples indicate that the average error

in the suspended load data is + 5% (at the 957 level).
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This report is concerned only with the conductivity, temperature,

and suspended load patterns. The nutrient and heavy metals are being
analyzed by the benthos group. A separate report (in another publication)

will discuss these data.

“"'TA =

Data from the floodway study are presented in Appendix 4. Figure A4-1
shows a time history of discharge from the floodway (from COE) along
1 : with notes pertaining to the operation of the floodway. It can be seen
v that the floodway was open for 38 days and released a total volume of
bl 1.6 x 1010 m3 into the lake. This is a volume that is slightly greater
than the total volume of the lake. The 1979 opening is comparable in
magnitude of flow and duration to the 1950 opening (based on data from
%‘ Gunter [1953]). *

Average suspended load concentrations for various locations around
the lake are shown in Figure A4-2, It can be seen that normal concentra-
tions are about 10-30 mg/l. Figure A4-3 shows the cruise track and
sample locations from the cruise of April 26, 1979. Data from this
cruise are shown 1in Figures A4-4 thru A4~7. Current data (A4-4) indicate
that the plume headed in an easterly direction along the southern shore
of the lake. Temperature (A4-5), conductivity (A4-6), and suspended

load (A4-7) maps show a similar circulation pattern. A conductivity of

1.0 mmho/cm, a temperature of about 22°C, and a suspended load concentra-
tion of about 60 mg/l define the edge of the plume. As the plume enters
the lake, it appears to displace the normal lake waters by ''pushing"

L them northward, thus forming an east-to-west boundary about 10 km from
the south shore. Perhaps it is this boundary effect that forces the

- plume to travel in an easterly direction. Waters from the plume had a
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temperature of 5°C lower

- T p— W —— v — v

than ambient, with a conductivity of about

3 mmhos/cm lower than ambient. Suspended loads in the plume were 60-160

mg/l.

The cruise track and sample locations from the cruise of May 9,

1979 are shown in Figure A4-8. Data from this cruise are shown in

Figures A4-9 thru A4-11.

All of the parameters show the same general

patterns and values as observed on the April 26 cruise. However, on

this date the plume was much larger and covered about half to two- thirds

of the lake (it was confined to the southwest corner on April 26). This

probably represents the maximum extent of the plume because the Corps

began to close the floodway on May 7, 1979.

The last sampling cruise took place on May 15, 1979. During this

cruise only suspended load samples were collected. As can be seen in

Figure A4-12, the suspended load values have returned to normal, except

for a point right at the floodway. This is expected; the discharge on

this day was about a third of what it was on the May 5 cruise (see

Figure A4-1).

The physical data collected during the floodway opening indicate

that enough water was released into the lake over a period of about 60

days to completely replace the total volume. This replacement time is

approximately six times faster than the time it would normally take with

the average river flow into the lake. 1In addition, the data indicate

that approximately one-half to two-thirds of the total lake area was

affected by the plume,

not affected.

It appears as though the north shore area was
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APPENDIX 5 - CONDUCTIVITY AND SALINITY CONVERSION TABLE

Table A5-1. Conversion table giving salinity (ppt) as a function of
conductivity (mmhos/cm) and temperature (°C)*

CONDUCTIVITY SALINITY IN PPT

(mmhos/cm) 0° 5° 10° 15° 20° 25°
1 1.0 -— - - - .4
2 2.0 1.7 1.4 - - 1.0
3 3.0 2.6 2.2 1.9 1.7 1.6
4 4.1 3.6 3.1 2.6 2.3 2.1
5 5.2 4.5 3.9 3.4 3.0 2.6
6 6.4 5.5 4.8 4.1 3.6 3.2
7 7.5 6.5 5.6 4.8 4.3 3.8
8 8.6 7.4 6.6 5.4 4.9 4.4
9 9.8 8.4 7.4 6.4 5.6 5.0
10 11.0 9.4 8.2 7.1 6.3 5.6
11 12.1 10.4 9.1 7.9 7.0 6.2
12 13.4 11.4 9.9 8.7 7.7 6.8
13 14.6 12.4 10.8 9.5 8.4 7.5
14 15.8 13.5 11.6 10.4 9.0 8.1
15 17.0 14.4 12.5 11.0 9.8 8.8
16 18.4 15.6 13.5 11.9 10.4 9.4
17 19.6 16.6 14.4 12.6 11.1 10.0
18 20.8 17.8 15.3 13.5 12.0 10.7
19 22.0 18.9 16.2 14.3 12.6 11.3
20 23.4 19.9 17.2 15.1 13.4 12.0

*Based on Nomograph produced by Beckman Instruments
New Jersey (Part No. L-227590).

Inc., Cedar Grove
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Chapter 5

GENERAL HYDROGRAPHY OF THE TIDAL PASSES OF
LAKE PONTCHARTRAIN, LOUTSIANA

by

Erick M. Swenson

ABSTRACT

agad

aa gl aa

e

The general hydrography of the tidal passes of Lake Pontchartrain was
studied on a number of cruises from May 1978 to February 1979. Time series

of current speed and direction, conductivity, and temperature were measured.

Current data indicate mean flood current speeds of 50, 40, 40, and
33 cm/sec, corresponding to mean transports of 3750, 2000, 400, and 924
m3/sec for The Rigolets, Chef Menteur Pass, Inner Harbor Navigation
Canal (IHNC), and Pass Manchac, respectivély. The ebb current speeds
are 35, 45, 40, and 40 cm/sec, corresponding to transports of 2625,
2250, 400, and 1120 m3/sec.

Salt budget calculations indicate that The Rigolets supplies about
40%; the Chef Menteur Pass supplies about 40%; and the IHNC, 207% of the
total salt entering the lake.

An energy budget indicates that tides supply an average of 4.30 x
1012 ergs/sec to the lake. The majority (v90%) of this energy enters
through The Rigolets.

Estimation of wind energy reveals that the tides predominate over
wind at wind speeds less than 2 m/sec, winds and tides are about equal
when wind speeds range between 2 to 3 m/sec, and winds predominate when
they are greater than 3 m/sec.

Lake flushing time is estimated at 60 days under mean streamflow

conditions.
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INTRODUCTION
Lake Pontchartrain is connected to Lake Borgne by two natural tidal
passes: The Rigolets and the Chef Menteur. A man-made tidal pass, the ' 1
Inner Harbor Navigation Canal (IHNC), connects the lake to the Mississippi
River Gulf Outlet (MRGO). A fourth pass, Pass Manchac, connects Lakes .
R
Pontchartrain and Maurepas. ..’4

The Rigolets Pass has a total length of 14.5 kilometers, an average

Py

depth of 8 meters, and a cross-sectional area at Lake Pontchartrain of
7500 m® (Fig. 1).

The Chef Menteur Pass has a total length of 11.3 kilometers, an

Lot a4 e

average depth of 13 meters, and a cross-sectional area of Lake Pontchartrain
of 2422 m2 (Fig. 1).
The IHNC-MRGO system has a total length of 30 kilometers, an average ' ?
depth of 7.5 m, and a cross—-sectional area of 1125 mz. 1
Pass Manchac has a total length of 15 km, an average depth of 8 m, | R
and a cross-sectional area at Lake Pontchartrain of 2924 m2 (Fig. 1).
These tidal passes play an important role in the dynamics of the
Lake Pontchartrain system. The fresh water entering the lake from the : 1

various rivers must work its way across the lake to eventually exit

through one of the passes. This water will carry with it various chemicals ]

(e.g., salt, nutrients, sediments) and biological species. Similarly, : 1
any chemical or biological species that are to enter the lake from the

ocean are also constrained to travel through these passes.

[ MATERIALS AND METHODS

From December 1977 to March 1979, a study was conducted to describe 1

the general hydrography of Lake Pontchartrain (see Chapter 4). Details 3
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of the program were presented in a previous report by the present author.
This report contains data concerning currents, tidal heights, salinity,
and temperature collected in the tidal passes. Data from the present
LSU study were used, along with records of tidal height, salinity,
temperature, and streamflow obtained from the Geological Survey (USGS),
the Corps of Engineers (COE), and the Waterways Experiment Station

(WES). The main objective of this report is to describe the role the
tidal passes play in the hydrodynamics of the lake system.

Data were collected during 24-hour sampling periods undertaken on a
monthly basis in each of the three tidal passes. Current speed data
came from two sources: 1) from current profiles collected at approxi-
mately one-hour intervals by the hydrography group using an Endeco type
110 current meter (the specifications are discussed in Chapter 4 of this
report); and 2) from current speeds collected at surface, mid-depth, and
bottom at approximately three hour intervals by the nekton and plankton
groups using General Oceanics digital flow meters. (These meters have
an accuracy of +37 with a threshold of 10 cm/sec.)

Conductivity (salinity) and temperature data were collected simul-
taneously with the current speed data. The hydrography group used a
Hydrolab Model 8000 conductivity-temperature-depth meter (the specifications
are given in Chapter 4), and the nekton and plankton groups used a
Yellow Springs Instrument Corp. salinity-temperature meter. (The
accuracy of this instrument is 5% for salinity and 5% for temperature.)
Like the general hydrography report (Chapter 4), all conductivities are

referenced to 25°C (See Table 9 for conversion to salinity). The data

base is summarized in Table 1.
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Sampling Frequency

Table 1.
LA
Area Dates
Month Sampled - Sampled
May 1977 The Rigolets1 5/1-2 every
Chef Menteur Passl 5/2-3 every
1HNC1 5/5-6 every
June 1977 The Rigo]er_s2 6/5-6 every
Chef Menteur Passl 6/7-8 every
IHNCl 6/8-9 every
July 1977 The Rigolets1 7/10-11 every
Chef Menteur Pass 7/11-12 every
1HNCL 7/12-13 every
August 1977 The Rigoletsl 8/7-8 every
Chef Menteur Pass 8/9-10 every
1HNC2 8/10-11 every
September 1977 The Rigoletsl 9/5-6 every
Chef Menteur Passl 3/6-7 every
1HNCl 9/7-8 every
October 1977 The Rigolets1 10/3-4 every
Chef Menteur Pass 10/4-5 every
IHNC2 10/5-6 every
November 1977 The Rigoletsl 11/6-7 every
Chef Menteur Passl 11/8-9 every
December 1977 The Rigolets2 12/4-5 every
Chef Menteur Pass 12/5-6 every
IHNC2 12/7-8 every
January 1978 The Rigoletsl 1/8-9 every
Chef Menteur Pass 1/9-10 every
1HNcl 1/10-11 every
February 1978 The Rigoletsl 2/5-6 every
Chef Menteur Passl 2/6-7 every
1HNCl 2/8-9 every

1

Data from plankton group.

2Data from hydrography group.

Range Locations:

3
3
3

W W W W W W W =

- W W

24-Hour Data Summary for the Tidal Passes of Lake Pontchartrain,

hours
hours
hours

hour
hours
hours

hours
hour
hours

hours
hours
hour

hours
hours
hours

hours
hours
hour

hours
hours

hour
hours
hour

hours
hours
hours

hours
hours
hours

The Rigolets--one station on south shore near Hwy. 90 Bridge.
Chef Menteur Pass---one station on south shore near Hwy. 90

Bridge.

IHNC--one station on east shore at harbor police dock.
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RESULTS

Appendix 1 presents examples of vertical profiles of current speeds
and directions, conductivity, and temperature. In The Rigolets, the
Chef Menteur Pass, and Pass Manchac, the vertical structures of currents
are quite similar. The current profiles show a decrease in speed from
surface to near bottom (v one meter off of bottom) in conjunction with
an essentially constant current direction. Variation in direction with
depth is usually less than 20 degrees (° magnetic). The temperature
profiles show a slight decrease in temperature with depth, normally less
than 1°C. Conductivity increases with depth and the increase is at most
2 mmhos/cm. This type of profile, which is fairly homogeneous in the
vertical, indicates that there is not normally a two-layer system in
.these three passes.

The IHNC (Appendix 1, Fig. Al-5 and Al-6) does show evidence of a
two-layer system. The temperature and conductivity profiles (Fig. Al-5)
show a fairly uniform water mass from the surface to about 2 meters
depth, followed by a sharp increase in conductivity (and decrease in
temperature) from 2 meters to the bottom.

Appendix 2 presents time series plots of current speed and direction,
conductivity, and temperature for each of the passes. All directions
are those towards which the currents are flowing. In most cases, the
plots represent vertical averages of the parameters. When there was a
significant difference in the vertical, both surface and near bottom

(1 m off of bottom) values are given.
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DISCUSSION AND IMPLICATIONS

I. Currents, Salinity, and Temperature Patterns - !"

Both The Rigolets and the Chef Menteur Pass show little variation
in physical parameters from top to bottom. These types of profiles are

indicative of well-mixed water masses travelling through the tidal S )

1d -

passes.

In a system where the ratio of width to depth is small and river
‘ flow is large (such as the Mississippi Delta), one would expect a two- - '
layer system with salt water entering along the bottom and fresh water |

exiting at the surface (Dyer 1973). The conditions in The Rigolets and

asaan

)

the Chef Menteur Pass are such that the ratio of width to depth in these -
passes is relatively large and the tidal flow is much larger than the

streamflow; thus, one would not expect such a two-layer flow to occur.

>
PSS T |

In addition, the conductivity gradient between the water in Lake Pontchar-

r
Q.

-

train and the water that enters through these passes is not too great.
Consequently, there is no highly saline '"ocean" water to travel along

the bottom.

.- ,,.,,
T
R .
- s <
il i v v

Because these two passes have an essentially homogeneous water
{ mass, the chemicals and blological species (plankton) entering (or

L leaving) the lake essentially can travel at any level in the water : L

Y SN

j column. The plankton data collected as part of this study indicate that

;.

| a majority of the macroplankton travel at approximately mid and near
e bottonm depths (Fannaly, Chapter 15). This indicates that although these o

two passes appear to be physically homogeneous, they are not biologically

homogeneous.




The THNC, however, does show definite evidence of a "salt wedge,"

which moves up the pass on a flooding tide. This feature is most noticeable

on the time series plots (Appendix 2, Fig. A2-4 and A2-5) and probably
arises because the canal 1s connected to the Gulf. The connection

allows the more highly saline (much more saline than Lake Borgne) and

hence more dense gulf water to work its way along the bottom of the pass
towards the lake. This type of current pattern is probably quite favorable
to oceanic (gulf) organisms and allows them to travel along the bottom

of the canal and into the Lake Pontchartrain system; a view also expressed
by Darnell (1979). It is probable that various chemicals (e.g., salt

and nutrients) are also able to enter the lake from the gulf.

The time series curves (Appendix 2) show some general features.

The diurnal tidal cycle of ~25 hours is evident on the plots, particularly
if one looks at the direction time series. There are events (Fig. A2-4)
when -one part of the tide may be extended due to wind effects. For
example, an easterly wind could force water into the lake and cause it

to override the ebb tide, thus extending the flood tide.

The temperature does not show any particular relationship to the
tide because the passes connect two systems between which therg is
little temperature differential.

The conductivity data do, in general, show a relation to the tidal
signal. On a flooding tide, the conductivity increases; on an ebbing
tide, it decreases. There is one notable exception in The Rigolets
(Appendix 3, Fig. A2-1), where the conductivity decreased during the
flood. This probably represents a situation where fresh water from the

Pearl River was entering the pass during the flooding tide.
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The current data collected in the passes are summarized in Table 2,
which gives the minimum, maximum, and mean flood and ebb current speeds
(vertical averages) for each of the passes. The corresponding transports
(based on the cross-sectional areas shown in Figure 1) are also given.

The speeds measured for the three tidal passes are based on data
collected by both the hydrography group and the plankton group during
monthly 24-hr anchor studies at one location in the pass (see Table 1).
Thus, the data in Table 1 are limited because they only cover a total of
about 12 tidal cycles. To have a more accurate picture of the tidal
flow, one would need continuous data over a period of at least a month
to account for diurnal inequalities. Such data were unavailable. The
transport data have been calculated by multiplying the channel cross-
sectional area by the vertically averaged current speed (samples were
made at three depths: surface, mid-depth, and near bottom). The
assumption has been made, therefore, that the flow is uniform across the
channel. This assumption introduces an error into the transport estimates
and hence into subsequent water budget calculations. Sanford (1977)
indicated that errors of about 20% may result by making such an assumption.

Thus, the results presented in this report should be considered as
first approximations of the volume flows and hence of the water budget for

the Lake Pontchartrain system.

I1. Flushing Times

A. General Considerations

The flushing time of an estuary is defined as "the time required to
replace the existing fresh water in the estuary at a rate equal to the

river discharge'" (Dyer 1973). Thus, flushing is calculated:
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t = Q/R
where:
t = flushing time
Q = amount of river water in the estuary
R = river flow

Two methods for calculating the flushing time are: 1) the fraction

of fresh water method; and 2) the tidal prism method (Dyer 1973).

B. Fraction of Fresh Water Method

In this method, the amount or fraction of fresh water in the estuary

is calculated, based upon salinities, using the following relation:

Ss_sn
f = 3
s
where:
f = mean fraction of fresh water concentration
Ss = salinity of "seawater" entering the system
Sn = mean salinity in the system.

The total volume of fresh water (Q) is then found by multiplying f
by the volume of the segment. The flushing time is calculated by dividing

Q by the river flow.

C. Tidal Prism Method

In this method, the water entering the system on the flood tide is
assumed to be completely mixed with the water inside. The amount of
river water plus the tidal flow is assumed to equal the tidal prism. On
the ebb, this volume of water is removed and the fresh water content of
it 1s equal to the river water added. Essentially this method has

assumed complete tidal mixing.
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The flushing time (in tidal cycles) is calculated by:

VL + P
RS
where: 1
t = flushing time '
d
VL = low tide volume e »
P = tidal prism.
D. Calculation for Lake Pontchartrain '.'. ]
- .4

K
The flushing time for Lake Pontchartrain has been calculated using

each of the above-mentioned methods. The results are presented in Table 3.

E. Discussion , .:.’.4
In comparing the flushing times, it can be seen that the estimates

give a range of 20 to 105 days. The 20 day estimate has assumed that

with each tidal cycle, a volume of water equal to the tidal prism has . ;';

been replaced. This assumption of complete mixing may not be valid for

A s in &

Lake Pontchartrain. The water at the far west (end) of the lake (or any
estuary) may not reach the outflow point, and some of the water that .4
leaves on the ebb may return on the next flood (Officer 1976). Thus

this method can give an exaggerated estimate of the flushing rate (Dyer
1973). The other method attempts to solve the problem by using salinity ~"
ratios to account for the mixing.

The flushing time estimated is only a rough approximation. The

formulas used are primarily for estuaries with unrestricted access to

[ J
- 4
the open sea. A better estimate of the flushing time could be obtained |
{
by using a dispersion model at the lake, thus taking into account the ;
1

residence times and dispersion coefficients of salt, to predict salinity .
B R
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Table 3.

A) fraction of fresh water

Ss - Sn = 3.5% -2.3%, = .343

Calculation of Flushing Times for Lake Pontchartrain, LA,

During 1978.

f =

Ss

Q = (£) (V) = (.343) (6.64 x 10°m>) = 2.28 x 10°m

Q/R

[ad
1l

B) tidal prism

A= 1.66 x 109 m

VvV =

VL=

d
1

=|
|

Sn=

Ss=

9.12 x 10°

3.5%,

9 3

(2.28 x 10%03)/(250 m3/sec)

sec v 105 days

¢ VI+p  (6.30 x 10%0%) + (3.25 x 10%0)

P

20

2

6.64 x 109 m3

6.32 x 109 m3

3.25 x 105 'm>

250 m3/sec
2.3%¢

3.5%.

3.25 x 10

cycles = 20 days

Data Used in Calculation**

area of lake
volume of lake
low tide volume

tidal prism volume

mean riverflow
mean lake salinity

mean salinity of Lake Borgne
(Gagliano et al. 1970)

*The methods were used (i.e., A, B, and C), as indicated in text.

**Data were collected as part of the present study.
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concentrations over the entire lake. From this model, one could predict
flushing times for various sections of the lake. It is probable that
the far (west) end of the lake has a longer flushing time than the east
end, which is closer to the tidal passes. A dispersion model could
account for these differences. At present, such a model does not exist
for the lake. We can conclude, however, that a reasonable estimate
would be about 60 days. This estimate would apply to mean streamflow
conditions. During high inflow periods (spring), the flushing rate
would probably be increased. Indeed, the floodway data (Chapter 4) show
that the lake returned to normal (or pre-floodway opening) conditions in
about a month, indicating a flushing time of about 30 days under high
inflow conditions. Similarly, under low inflow conditions (summer), the

flushing time could increase.

I11. Water Budget

Using data on streamflow from the USGS stations for five rivers
entering the lake (Tickfaw, Amite, Comite, Tchefuncte, and Tangipahoa),
seasonal inputs of fresh water were determined. The USGS data give
flows upstream from the lake. In order to obtain the volume entering
the lake, flow data collected at the river mouths by the.COE (1962) were
used in conjunction with USGS records to determine a scale factor by
which the gage data can be multiplied to get the flow into the lake.
Table 4 presents the results., The average scale factor of 2.4 was used
in all the water budget calculations.

In order to estimate runoff from areas where there are no gages,
rainfall data (from National Oceanic and Atmospheric Administration

[NOAA]) were used in conjunction with drainage basin size. Figure 2
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Table 4. Scale Factor1 for Rivers Entering Lake Pontchartrain, LA,

During 1978

Month Tchefuncte Tangipahoa Amite Tickfaw
October 1.4 1,2 1.7 1.4
November 1.1 1.1 1.1 1.2
December 1.3 1.0 1.1 1.2
January 2.1 1.0 1.1 1.2
February 4,2 1.3 1.8 2.9
March 5.3 1.5 2.1 3.2
April 4.9 1.3 1.7 2.4
May 4.4 1.3 1.7 2.4
June 5.1 1.5 2.0 3.5
July 4.5 1.3 1.6 3.1
August 5.1 1.4 1.9 3.3
September 4.9 1.4 1.9 3.1
Average correction factor 2.4
1Correction Factor = Flow into Pontchartrain

- Flow into Lake Pontchartrain from Army Corps of Engineers (1962).

Flow at Gage

- Flow at gage from U.S.G.S. records.
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Time series plots of yearly values of rainfall in cm (top), and
river discharge (m3/sec) for five rivers entering Lake Pontchartrain,

LA, for 1971 through 1978,
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shows a plot of rainfall and streamflow for the five rivers. It is
evident that the rivers are highly correlated with the rainfall. A
regression between river flow and rainfall (on a monthly basis) for the
Tangipahoa River is shown in Figure 3. This regression equation was

scaled by the drainage basin area to give flow per unit area of basin

surface:
-4 -3
Q= [5.1 x10 R+ 5.7 x 10 7] AS
where:
Q = mean river flow (discharge) in m3/sec
R = monthly rainfall in cm
A = drainage area of basin in square km
S = gscale factor (n2.4).

1 have assumed that this relationship would hold for all of the rivers
and bayous in the Pontchartrain Basin because there is an excellent
relationship between streamflow and basin size, as indicated in Figure 4.

Water inputs and outputs through the tidal passes were computed
based upon the average flood and ebb tide flows given in Table 2. The
tidal speeds were multiplied by the channel cross-sectional area (Fig. 1)
to get the volume flow through the channel.

The streamflow and tidal flow data were combined to give a rough
estimate of the seasonal water budget for the lake. The results are
presented in Table 5. The long-term average streamflows (from USGS
records) are given, along with the 1978 flows (calculated as discussed
above), on a seasonal basis. Note that there are no "long-term' tidal
pass flows, because these data do not exist. Table 5 also lists the

percent contribution of each item. To '"test" the input figures, the
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Figure 3. Mean monthly river discharge (m3/sec) as a function of mean .
'@ monthly rainfall (cm) for the Tangipahoa River, LA. The o
{ results of a regression analysis are indicated. - .
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average flow into the lake was used to calculate the tidal range. The
results are summarized in Table 6. The calculated range exceeds the
known tidal range by approximately 40%, indicating the estimate of the
tidal prism is too high.

The error in the estimate of the tidal prism volume is to be expected
because of the uncertainty (+20%) in the tidal transport estimates used
in the calculation, as discussed previously.

Using the known tidal range of 11 cm (Outlaw 1979), one would
expect the tidal prism to be of the same order as that calculated (108),
but closer to 1.5 x 108 m3 as opposed to the calculated 2.7 x 108 m3.

As can be seen in Table 5, there is a net inflow of ~1000 m3/sec.
Ideally, one would expect the input and the output to be approximately
equal. The net inflow is8 a reflection of the inaccuracy of the transport
estimates. Assuming the tidal transport to be on the order of 4000-6000
m3/sec, the estimates have an error of about 20%.

The water budget calculations indicate that the rivers supply
approximately 5% of the volume of water entering the lake. The majority
(75%) comes from the Amite-Comite system. As shown in the flushing time
calculations, however, the lake is about 35% fresh water. This fact
indicates that the water entering the lake through the tidal passes
contains a large percentage of fresh water. This fresh water may come
from the lake itself (ebb water, which re-enters during the flood) or

from other sources, such as the Pearl River. Thus, the tidal passes

play an important role in the volume (and salt) balance of the lake.

IV. Salt Budget

The time series data of current speed and salinity collected by

both this hydrography group (Chapter 4) and the nekton and plankton
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Table 6. Calculation of Tidal Range in Lake Pontchartrain, LA

Area of lake = 640 square miles

= 1.66 x 109 square meters

Volume of water into the lake is (from Table 5)

8

5972 m3/sec =2,7x10 m3/tida1 cycle

If this tidal prism is spread over the entire lake, the average increase
in elevation due to the tide is given by:

8 3
i.;6xxu1)o9mm2 = .16 meters = 16 cm

The WES data collected during 1979 indicated a mean tidal range of
A1l em (Outlaw 1979).
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group (Chapters 12 and 15) were used to compute a first order salt
budget to determine the contribution of each pass.

The salt flux at any given time was computed by multiplying the
vertically averaged current speed by the vertically averaged salinity.
The result is the advective salt flux at the location. This value was
multiplied by the channel cross section to give the total salt flux
through the channel. The assumption has been made that the water mass
is homogeneous across the channel in order to estimate a crude salt
balance. The data from the IHNC were divided into two sections in the
vertical to account for the salt wedge.

The salt flux values (in grams/second) were averaged over each half
of the tidal cycle and resulted in estimates of the average rates of
salt input and output. These rates were computed on a monthly basis.

Assuming a diurnal tide with a half-period of 12.5 hours, the
average rates of salt input and output were multiplied by this figure to
give the total amount of salt (iIn grams) that enters and leaves the lake
over a tidal cycle. The results are presented in Table 7.

Long-term salinity data (COE 1962) show a seasonal picture with a
maximum in the fall and a minimum in the summer. This would indicate a
net lakeward transport of salt during summer and a net seaward transport
of salt during winter and spring. To observe this pattern, one would
need long--term, precise measurements of salt flux because the change
occurs over a period of months. The data from this study were collectead
over a single tidal cycle during each month and do not allow such
resolution. During any given tidal cycle, one would expect any net

transport of salt to be quite small (a few percent perhaps), thus the
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